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(57) Abstract 

Hnzymaiic RNA molecules which cleave iCAM-l mRNA, IL-5 niRNA, ret A mRNA, TNF-<i mRNA, RSV mRNA or 
RSV genomic RNA, or CML associaled mRNA, and use of these molecules for ihe treatment of pathological conditions 
related to those mRNA-levels; ribonucleosides or nucleotides modified in 2\ 3* or 5', methods for their synthesis, 
purification and deprotection; vectors containing multiple enzymatic nucleic acids, optionally in chimeric form with 
tRNAs; method for introducing enzymatic nucleic acids into cells by forming a complex with a second nucleic acid, where 
the complex is capable of taking an R-loup base-paired structure; method for altering a mutant nucleic acid in vivo by 
hybridization with an oligonucleotide capable of activating dsRNA deaminase, comprising an enzymatic activity or a 
chemical mutagen. Further are disclosed trans-cleaving or -ligating hairpin ribozymes lacking a substrate RNA moiety, as 
well as hammerhead ribozymes having an interconnecting loop between base pairs in stem 11. 
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METHOD AND REAGENT FOR INHIBITING THE EXPRESSION 
OF DISEASE RELATED GENES 



Background of the Invention 



10 



15 



20 



25 



This invention relates to reagents useful as inhibitors of gene 
expression relating to diseases such as inflammatory or autoimmune 
disorders, chronic myelogenous leukemia, or respiratory tract illness. 



The invention features novel enzymatic RNA molecules, or ribozymes, 
and methods for their use for inhibiting the expression of disease related 
genes, e^, ICAM-1, IL-5, relA, TNF-a, p210 bcr-abl^ respiratory 
syncytial virus genes. Such ribozymes can be used in a method for 
treatment of diseases caused by the expression of these genes in man and 
other animals, including other primates. 

Ribozymes are RNA molecules having an enzymatic activity which is 
able to repeatedly cleave other separate RNA molecules in a nucleotide 
base sequence specific manner. Such enzymatic RNA molecules can be 
targeted to virtually any RNA transcript, and efficient cleavage has been 
achieved in vitro. Kim et al., 84 Proc. Natl. Acad. ScL IJCjA 8788. 1987; 
Haseloff and Gerlach, 334 Nature 585, 1988; Cech, 260 JAMA 3030, 1988; 
and Jefferies et al., 17 Nucleic Acids Research 1371, 1989. 

Six basic varieties of naturally-occurring enzymatic RNAs are known 
presently. Each can catalyze the hydrolysis of RNA phosphodiester bonds 
in trans (and thus can cleave other RNA molecules) under physiological 
conditions. Table 1 summarizes some of the characteristics of these 
ribozymes. 

Ribozymes act by first binding to a target RNA. Such binding occurs 
through the target RNA binding portion of a ribozyme which is held in close 
proximity to an enzymatic portion of the RNA which acts to cleave the target 
RNA. Thus, the ribozyme first recognizes and then binds a target RNA 
through complementary base-pairing, and once bound to the correct site, 
acts enzymatically to cut the target RNA. Strategic cleavage of such a 
target RNA will destroy its ability to direct synthesis of an encoded protein. 
After a ribozyme has bound and cleaved its RNA target it is released from 
that RNA to search for another target and can repeatedly bind and cleave 
new targets. 



Summarv of the Invention 
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The enzymatic nature of a ribozyme is advantageous over other 
technologies, such as antisense technology (where a nucleic acid 
molecule simply binds to a nucleic acid target to block Its translation) since 
the effective concentration of ribozyme necessary to effect a therapeutic 
5 treatment is lower than that of an antisense oligonucleotide. The 
advantage reflects the ability of the ribozyme to act enzymatically. Thus, a 
single ribozyme molecule is able to cleave many molecules of target RNA. 
in addition, the ribozyme is a highly specific inhibitor, with the specificity of 
inhibition depending not only on the base pairing mechanism of binding, 

10 but also on the mechanism by which the molecule inhibits the expression 
of the RNA to which it binds. That is, the inhibition is caused by cleavage of 
the RNA target and so specificity is defined as the ration of the rate of 
cleavage of the targeted RNA over the rate of cleavage of non-targeted 
RNA. This cleavage mechanism is dependent upon factors additional to 

1 5 those involved in base pairing. Thus, it is thought that the specificity of 
action of a ribozyme is greater than that of antisense oligonucleotide 
binding the same RNA site. With their catalytic activity and increased site 
specificity, ribozymes represent more potent and safe therapeutic 
molecules than antisense oligonucleotides. 

20 Thus, in a first aspect, this invention relates to ribozymes, or enzymatic 

RNA molecules, directed to cleave RNA species encoding ICAM-1. IL-5, 
relA, TNF-a, p210bcr.abl^ RSV proteins. In particular, applicant 
describes the selection and function of ribozymes capable of cleaving 
these RNAs and their use to reduce levels of ICAM-1. IL-5, relA. TNF-a, 

25 p210 bor-abi or RSV proteins in various tissues to treat the diseases 
discussed herein. Such ribozymes are also useful for diagnostic uses. 

Applicant indicates that these ribozymes are able to inhibit expression 
of lCAM-1. IL-5, rel A, TNF-a. p210bcr-abl, or RSV genes and that the 
catalytic activity of the ribozymes is required for their inhibitory effect. 
30 Those of ordinary skill in the art, will find that it is clear from the examples 
described that other ribozymes that cleave target ICAM-1, IL-5. rel A. TNF- 
a. p210bcr-abl^ or RSV encoding mRNAs may be readily designed and are 
within the invention. 



35 



These chemically or enzymatically synthesized RNA molecules 
contain substrate binding domains that bind to accessible regions of their 
target mRNAs. The RNA molecules also contain domains that catalyze the 



95/23225 



PCT/IB95/00156 



3 

Cleavage of RNA. Upon binding, the ribozymes cleave the target encoding 
mRNAs, preventing translation and protein accumulation. In the absence 
of the expression of the target gene, a therapeutic effect may be observed. 

By "gene" is meant to refer to either the protein coding regions of the 
cognate mRNA. or any regulatory regions in the RNA which regulate 
synthesis of the protein or stability of the mRNA; the term also refers to 
those regions of an mRNA which encode the ORF of a cognate polypeptide 
product, and the proviral genome. 

By "enzymatic RNA molecule" it is meant an RNA molecule which has 
complementarity in a substrate binding region to a specified gene target, 
and also has an enzymatic activity which is active to specifically cleave 
RNA in that target. That is, the enzymatic RNA molecule is able to 
intermolecuiarly cleave RNA and thereby inactivate a target RNA molecule. 
This complementarity functions to allow sufficient hybridization of the 
enzymatic RNA molecule to the target RNA to allow the cleavage to occur. 
One hundred percent complementarity is preferred, but complementarity as 
low as 50-75% may also be useful in this invention. By "equivalent" RNA to 
a virus is meant to include those naturally occurring viral encoded RNA 
molecules associated with viral caused diseases in various animals, 
including humans, cats, simians, and other primates. These viral or viral- 
encoded RNAs have similar structures and equivalent genes to each other. 

By "complementarity" it is meant a nucleaic acid that can form 
hydrogen bond(s) with other RNA sequence by either traditional Watson- 
Crick or other non-traditional types (for exampike, Hoogsteen type) of base- 
paired interactions. 

In preferred embodiments of this invention, the enzymatic nucleic 
acid molecule is formed in a hammerhead or hairpin motif, but may also be 
formed in the motif of a hepatitis delta virus, group I intron or RNaseP RNA 
(in associateion with an RNA guide sequence) or Neurospora VS RNA. 
Examples of such hammerhead motifs are described by Rossi ef a/., 1992, 
Aids Research and Human Retroviruses . 8,183, of hairpin motifs by 
Hampei and Tritz, 1989 Biochemistry, 28, 4929, EP 0360257 and Hampel 
®* "1 990' Nucleic Acids Res. 18,299 and an example of the hepatitis 
delta virus motif is described by Perotta and Been. 1992 Biochemifitrx/ 31 
16 of the RNaseP motif by Guerrier-Takada et aL, 1983 Ceil . 35 849, 
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expressed in eukaryotic cells from the appropriate DNA or RNA vector. The 
activity of such ribozymes can be augnnented by their release from tlie 
primary transcript by a second ribozyme (Draper et a!.. PCT W093/23569, 
and Sullivan et a!., PCT WO94/02595, both hereby incorporated in their 
5 totality by reference herein; Ohkawa, J., et al., 1992, Nucleic Acids Svmp. 
Sen 27, 15-6; Taira, K. et al.. Nucleic Acids Res.. 19, 5125-30; Ventura, M., 
et al.. 1993, Nucleic Acids Res.. 21, 3249-55, Chowrira et aL, 1994 J. Biol. 
Chem,, 269, 25856 ). 

By "inhibit" is meant that the activity or level of ICAM-1,Rel A, IL-5, 
10 TNF-a, p210bcr-abl or RSV encoding mRNA is reduced below that 
observed in the absense of the ribozyme, and preferably is below that level 
observed in the presence of an inactive RNA molecule able to bind to the 
same site on the mRNA, but unable to cleave that RNA. 

Such ribozymes are useful for the prevention of the diseases and 
1 5 conditions discussed above, and any other diseases or conditions that are 
related to the level of ICAM-1, IL-5, Rel A, TNF-a, p210bcr-abl or RSV 
protein or activity in a cell or tissue. By "related" is meant that the inhibition 
of ICAM-1, IL-5, Rel A, TNF-a, p210bcr-abl or RSV mRNA translation, and 
thus reduction in the level of, ICAM-1, IL-5, Rel A, TNF-a, p210t>cr-abl or 
20 RSV proteins will relieve to some extent the symptoms of the disease or 
condition. 

Ribozymes are added directly, or can be complexed with cationic 
lipids, packaged within liposomes, or otherwise delivered to target cells. 
The RNA or RNA complexes can be locally administered to relevant tissues 
25 through the use of a catheter, infusion pump or stent, with or without their 
incorporation in biopolymers. In preferred embodiments, the ribozymes 
have binding arms which are complementary to the sequences in Tables 
2,3.6-9,11,13,1 5-23, 27, 28, 31 . 33, 34, 36 and 37. 

Examples of such ribozymes are shown in Tables 4-8. 10, 12, 14-16, 
30 19-22, 24. 26-28, 30, 32, 34 and 36-38. Examples of such ribozymes 
consist essentially of sequences defined in these Tables. By "consists 
essentially of is meant that the active ribozyme contains an enzymatic 
center equivalent to those in the examples, and binding arms able to bind 
mRNA such that cleavage at the target site occurs. Other sequences may 
35 be present which do not interfere with such cleavage. 
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Those in the art will recognize that these sequences are 
representative only of many more such sequences where the enzymatic 
portion of the ribozyme (all but the binding arms) is altered to affect activity. 
For example, stem-loop II sequence of hammerhead ribozymes listed in 
5 the above identified Tables can be altered (substitution, deletion, and/or 
insertion) to contain any sequences provided a minimum of two base- 
paired stem structure can fomi. Similarly, stem-loop IV sequence of hairpin 
ribozymes listed in the above identified Tables can be altered (substitution, 
deletion, and/or insertion) to contain any sequence, provided a minimum of 
10 two base-paired stem structure can form. The sequence listed in the 
above identified Tables may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tables. 

In another aspect of the invention, ribozymes that cleave target 

15 molecules and inhibit ICAM-1, IL-5, Rel A, TNF-a, p210bcr-abl or RSV 
gene expression are expressed from transcription units inserted into DNA, 
RNA, or viral vectors. Another means of accumulating high concentrations 
of a rlbozyme(s) within cells is to incorporate the ribozyme-encoding 
sequences into a DNA or RNA expression vector. Transcription of the 

20 ribozyme sequences are driven from a promoter for eukaryotic RNA 
polymerase I (pol I), RNA polymerase II (pol II), or RNA polymerase III (pol 
III). Transcripts from pol II or pol III promoters will be expressed at high 
levels in all cells; the levels of a given pol II promoter in a given cell type 
will depend on the nature of the gene regulatory sequences (enhancers, 

25 silencers, etc.) present nearby. Prokaryotic RNA polymerase promoters are 
also used, providing that the prokaryotic RNA polymerase enzyme is 
expressed in the appropriate cells (Elroy-Stein and Moss, 1990 Proc. Natl, 
Acad. ScL USA, 87, 6743-7; Gao and Huang 1993 Nucleic Acids Res., 21 
2867-72; Lieber et al., 1993 Methods EnzymoL, 217, 47-66; Zhou et a!., 

30 1990 Mol. Cell. BioL, 10, 4529-37). Several investigators have 
demonstrated that ribozymes expressed from such promoters can function 
in mammalian cells (e.g. Kashani-Sab.et et al., 1992 Antisense Res, Dev., 
2. 3-15; Ojwang et al., 1992 Proc. Natl. Acad, ScL USA, 90, 6340-4; 
L'Huiller et al.. 1992 EMBO J. 11, 441 1-8; Lisziewicz et al., 1993 Proc. Natl, 

35 Acad. ScL U.S.A., 90 8000-4). The above ribozyme transcription units can 
be incorporated into a variety of vectors for introduction into mammalian 
celJs, including but not restricted to, plasmid DNA vectors, viral DNA vectors 
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(such as adenovirus or adeno-associated virus vectors), or viral RNA 
vectors (such as retroviral or alphavirus vectors). 

Other features and advantages of the invention will be apparent from 
the following description of the preferred embodinnents thereof, and from 
5 the claims. 

Description Of The Preferred Embodiments 
The drawings will first briefly be described. 
Drawinos: 

Figure 1 is a diagrammatic representation of the hammerhead 
1 0 ribozyme domain known in the art. Stem II can be > 2 base-pair long. ^ 

Figure 2(a) is a diagrammatic representation of the hammerhead 
ribozyme domain known in the art; Figure 2(b) is a diagrammatic 
representation of the hammerhead ribozyme as divided by Uhlenbeck 
(1987, Nature, 327, 596-600) into a substrate and enzyme portion; Figure 
1 5 2(c) is a similar diagram showing the hammerhead divided by Haseloff and 
Gerlach (1988, Nature, 334, 585-591) into two portions; and Figure 2(d) is 
a similar diagram showing the hammerhead divided by Jeffries and 
Symons (1989, NucL Acids. Res., 17, 1371-1371) into two portions. 

Figure 3 is a diagrammatic representation of the general structure of a 
hairpin ribozyme. Helix 2 (H2) is provided with a least 4 base pairs {i.e., n 
is 1,2,3 or 4) and helix 5 can be optionally provided of length 2 or more 
bases (preferably 3-20 bases, i.e., m is from 1-20 or more). Helix 2 and 
helix 5 may be covalently linked by one or more bases {i.e., r is > 1 base). 
Helix 1, 4 or 5 may also be extended by 2 or more base pairs {e.g., 4-20 
base pairs) to stabilize the ribozyme structure, and preferably is a protein 
binding site. In each instance, each N and N' independently is any normal 
or modified base and each dash represents a potential base-pairing 
interaction. These nucleotides may be modified at the sugar, base or 
phosphate. Complete base-pairing is not required in the helices, but is 
preferred. Helix 1 and 4 can be of any size {i.e., o and p is each 
independently from 0 to any number, e.g. 20) as long as some base-pairing 
is maintained. Essential bases are shown as specific bases in the 
structure, but those in the art will recognize that one or more may be 



20 



25 



30 
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modified chemically (abasic, base, sugar and/or phosphate modifications) 
or replaced with another base without significant effect. Helix 4 can be 
fomied from two separate molecules, i.e., without a connecting loop. The 
connecting loop when present may be a ribonucleotide with or without 
5 modifications to its base, sugar or phosphate, "q" is > 2 bases. The 
connecting loop can also be replaced with a non-nucleotide linker 
molecule. H refers to bases A, U, or C. Y refers to pyrimidine bases. 
" " refers to a covalent bond. 

Figure 4 is a representation of the general structure of the hepatitis 
1 0 delta virus ribozyme domain known in the art. 

Figure 5 is a representation of the general structure of the self- 
cleaving VS RNA ribozyme domain. 

Figure 6 is a diagrammatic representation of the genetic map of RSV 
strain A2. 

15 Figure 7 is a diagrammatic representation of the solid-phase 

synthesis of RNA. 

Figure 8 is a diagrammatic representation of exocyclic amino 
protecting groups for nucleic acid synthesis. 

Figure 9 is a diagrammatic representation of the deprotection of RNA. 

20 Figure 10 is a graphical representation of the cleavage of an RNA 

substrate by ribozymes synthesized, deprotected and purified using the 
improved methods described herein. 

Figure 1 1 is a schematic representation of a two pot deprotection 
protocol. Base deprotection is carried out with aqueous methyl amine at 65 
25 °C for 10 min. The sample is dried in a speed-vac for 2-24 hours 
depending on the scale of RNA synthesis. Silyl protecting group at the 2'- 
hydroxyl position is removed by treating the sample with 1.4 M anhydrous 
HFat 65^C for 1,5 hours. 

Figure 12 is a schematic representation of a one pot deprotection of 
30 RNA synthesized using RNA phosphoramidite chemistry. Anhydrous 
methyl amine is used to deprotect bases at 65"C for 15 min. The sample is 
allowed to cool for 10 min before adding TEA^3HF reagent, to the same 
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pot, to remove protecting groups at the 2'-hydroxyI position. The 
deprotectlon is carried out for 1 .5 hours. 

Figs. 13a - b is a HPLC profile of a 36 nt long ribozyme, targeted to 
site B. The RNA is deprotected using either the two pot or the one pot 
5 deprotection protocol. The peaks corresponding to full-length RNA is 
indicated. The sequence for site B is CCUGGGCCAGGGAUUA 
AUGGAGAUGCCCACU. 

Figure 14 is a graph comparing RNA cleavage activity of ribozymes 
deprotected by two pot vs one pot deprotection protocols. 

10 Figure 15 is a schematic representation of an improved method of 

synthesizing RNA containing phosphorothioate linkages. 

Figure 16 shows RNA cleavage reaction catalyzed by ribozymes 
containing phosphorothioate linkages. Hammerhead ribozyme targeted to 
site C is synthesized such that 4 nts at the 5' end contain phosphorothioate 
15 linkages. P=0 refers to ribozyme without phosphorothioate linkages. P=S 
refers to ribozyme with phosphorothioate linkages. The sequence for site C 
is UCAUUUUGGCCAUCUC UUCCUUCAGGCGUGG. 

Figure 17 is a schematic representation of synthesis of 2'-N- 
phtaiimido-nucleoside phosphoramidite. 

20 Figure 18 is a diagrammatic representation of a prior art method for 

the solid-phase synthesis of RNA using silyl ethers, and the method of this 
invention using SEM as a 2'-protecting group. 

Figure 19 is a diagrammatic representation of the synthesis of 2*- 
SEM-protected nucleosides and phosphoramidites useful for the synthesis 
25 of RNA. B is any nucleotide base as exemplified in the Figure, P is purine 
and I is inosine. Standard abbreviations are used throughout this 
application, well known to those in the art. 

Figure 20 is a diagrammatic representation of a prior art method for 
deprotection of RNA using TBDMS protection of the 2'-hydroxyl group. 

30 Figure 21 is a diagrammatic representation of the deprotection of RNA 

having SEM protection of the 2'-hydroxyl group. 
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Figure 22 is a representation of an HPLC chromatogram of a fully 
deprotected 10-nner of uridylic acid. 

Figs. 23 - 25 are diagrammatic representations of hammerhead, 
hairpin or hepatitis delta virus ribozyme containing self-processing RNA 
transcript. Solid arrows indicate self-processing sites. Boxes indicate the 
sites of nucleotide substitution. Solid lines are drawn to show the binding 
sites of primers used in a primer-extension assay. Lower case letters 
indicate vector sequence present in the RNA when transcribed from a 
H/ndllf-linearized plasmid. (23) HH Cassette, transcript containing the 
hammerhead trans-acting ribozyme linked to a 3' cis-acting hammerhead 
ribozyme. The structure of the hammerhead ribozyme is based on 
phylogenetic and mutational analysis (reviewed by Symons, 1992 suora V 
The trans ribozyme domain extends from nucleotide 1 through 49. After 3- 
end processing, the trans-ribozyme contains 2 non-ribozyme nucleotides 
(UC at positions 50 and 51) at its 3' end. The 3* processing ribozyme is 
comprised of nucleotides 44 through 96. Roman numerals I, II and III. 
indicate the three helices that contribute to the structure of the 3' cis-acting 
hammerhead ribozyme (Hertel et al.. 1992 Nucleic Acids Rf^.c 20. 3252). 
Substitution of G70 and A71 to U and G respectively, inactivates the 
hammerhead ribozyme (Ruffner et al., 1990 Biochemistn/ 29. 10695) and 
generates the HH(mutant) construct. (24) HP Cassette, transcript 
containing the hammerhead trans-acting ribozyme linked to a 3' cis-acting 
hairpin ribozyme. The structure of the hairpin ribozyme is based on 
phylogenetic and mutational analysis (Berzal-Herranz et al.. 1993 EMBQ. J 
12, 2567). The trans-ribozyme domain extends from nucleotide 1 through 
49. After 3'-end processing, the trans-ribozyme contains 5 non-ribozyme 
nucleotides (UGGCA at positions 50 to 54) at its 3* end. The 3' cis-acting 
ribozyme is comprised of nucleotides 50 through 115. The transcript 
named HP(GU) was constructed with a potential wobble base pair 
between G52 and U77; HP(GC) has a Watson-Crick base pair between 
G52 and C77- A shortened helix 1 (5 base pairs) and a stable tetraloop 
(GAAA) at the end of helix 1 was used to connect the substrate with the 
catalytic domain of the hairpin ribozyme (Feldstein & Bruening. 1993 
Nucleic Acids Res. 21, 1991; Altschuler et aL, 1992 supra ^. (25) HDV 
Cassette, transcript containing the trans-acting hammerhead ribozyme 
linked to a 3' cis-acting hepatitis delta virus (HDV) ribozyme. The 
secondary structure of the HDV ribozyme is as proposed by Been and 
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coworkers (Been et al., 1992 Biochemistry 31, 11843). The trans-ribozyme 
domain extends from nucleotides 1 through 48. After 3'-end processing, 
the trans-ribozyme contains 2 non-ribozyme nucleotides (AA at positions 
49 to 50) at its 3' end. The 3* cis-acting HDV ribozyme is comprised of 
5 nucleotides 50 through 114. Roman numerals I. I!, Ill & IV, indicate the 
location of four helices within the 3' cis-acting HDV ribozyme (Perrota & 
Been, 1991 Nature 350. 434). The AHDV transcript contains a 31 
nucleotide deletion in the HDV portion of the transcript (nucleotides 84 
through 115 deleted). 

10 Fig. 26 is a schematic representation of a plasmid containing the 

insert encoding self-processing cassette. The figure is not drawn to scale. 

Fig. 27 demonstrates the effect of 3* flanking sequences on RNA self- 
processing in vitro, H, Piasmid templates linearized with H/ndlll restriction 
enzyme. Transcripts from H templates contain four non-ribozyme 
15 nucleotides at the 3' end. N, Plasmid templates linearized with Nde\ 
restriction enzyme. Transcripts from N templates contain 220 non- 
ribozyme nucleotides at the 3' end. R, Plasmid templates linearized with 
Real restriction enzyme. Transcripts from R templates contain 450 non- 
ribozyme nucleotides at the 3* end. 

20 Fig. 28 shows the effect of 3" flanking sequences on the trans- 

cleavage reaction catalyzed by a hammerhead ribozyme. A 622 nt 
intemally-labeled RNA (<10 nM) was incubated with ribozyme (1000 nM) 
under single turn-over conditions (Herschiag and Cech, 1990 Biochemistry 
29, 10159). HH+2, HH+37, and HH+52 are trans-acting ribozymes 

25 produced by transcription from the HH, AHDV, and HH(mutant) constructs, 
respectively, and that contain 2, 37 and 52 extra nucleotides on the 3' end. 
The plot of the fraction of uncleaved substrate versus time was fit to a 
double exponential curve using the KaleidaGraph graphing program 
(Synergy Software, Reading, PA). A double exponential cun/e fit was used 

30 because the data points did not fall on a single exponential curve, 
presumably due to varying conformers of ribozyme and/or substrate RNA. 

Fig. 29 shows RNA self-processing in OST7-1 cells, in vitro lanes 
contain full-length, unprocessed transcripts that were added to cellular 
lysates prior to RNA extraction. These RNAs were either pre-incubated 
35 with MgCl2 (+) or with DEPC-treated water (-) prior to being hybridized 
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with 5' end-labeled primers. Cellular lanes contain total cellular RNA from 
cells transfected with one of the four self-processing constructs. Cellular 
RNA are probed for ribozyme expression using a sequence specific primer- 
extension assay. Solid arrows indicate the location of primer extension 
5 bands corresponding to Full-Length RNA and 3' Cleavage Products. 

Figs. 30,31 are diagrammatic representations of self-processing 
cassettes that will release trans-acting ribozymes with defined, stable stem- 
loop structures at the 5' and the 3' end following self-processing. 30, 
shows various permutations of a hammerhead self-processing cassette. 31 , 
10 shows various permutations of a hairpin self-processing cassette. 

Figs. 32a-b Schematic representation of RNA polymerse 111 promoter 
structure. Arrow indicates the transcription start site and the direction of 
coding region. A, B and C, refer to consensus A, B and C box promoter 
sequences. I, refers to intermediate cis-acting promoter sequence. PSE, 
15 refers to proximal sequence element. DSE, refers to distal sequence 
element. ATF, refers to activating transcription factor binding element. ?, 
refers to cis-acting sequence element that has not been fully characterized. 
EBER, Epstein-Barr-virus-encoded-RNA. TATA is a box well known in the 
art. 

20 Figs. 33a-e Sequence of the primary tRNAj'T^et and A3-5 transcripts. 

The A and B box are internal promoter regions necessary for pol III 
transcription. Arrows indicate the sites of endogenous tRNA processing. 
The A3-5 transcript is a truncated version of tRNA wherein the sequence 3' 
of B box has been deleted (Adeniyi-Jones et al., 1984 supra). This 

25 modification renders the A 3-5 RNA resistant to endogenous tRNA 
processing. 

Figure 34. Schematic representation of RNA structural motifs inserted 
into the A3-5 RNA. A3-5/HHI- a hammerhead (HHI) ribozyme was cloned 
at the 3' region of A3-5 RNA; S3- a stable stem-loop structure was 

30 incorporated at the 3' end of the A3-5/HHI chimera; S5- stable stem-loop 
structures were incorporated at the 5* and the 3' ends of A3-5/HHI ribozyme 
chimera; S35- sequence at the 3' end of the A3-5/HHI ribozyme chimera 
was altered to enable duplex formation between the 5' end and a 
complementary 3' region of the same RNA; S35Plus- in addition to 

35 structural alterations of S35, sequences were altered to facilitate additional 
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duplex formation within the non-ribozyme sequence of the A3-5/HHI 
chimera. 

Figures 35 and 36. Northern analysis to quantitate ribozyme 
expression in T cell lines transduced with A3-5 vectors. 35) A3-5/HHI and 
5 its variants were cloned individually into the DC retroviral vector (Sullenger 
et a!., 1990 supra). Northern analysis of ribozyme chimeras expressed in 
MT-2 cells was performed. Total RNA was isolated from cells 
(Chomczynski & Sacchi, 1987 Analytical Biochemistry 162. 156-159), and 
transduced with various constructs described in Fig. 34. Northern analysis 

10 was carried out using standard protocols {Cum Protocols MoL BioL 1992. 
ed. Ausubel et al., Wiley & Sons, NY). Nomenclature is same as in Figure 
34. This assay measures the level of expression from the type 2 pol III 
promoter. 36) Expression of S35 constructs in MT2 cells. S35 (+ribozyme), 
S35 constnjct containing HHI ribozyme. S35 (-ribozyme), S35 construct 

1 5 containing no ribozyme. 

Figure 37. Ribozyme activity in total RNA extracted from transduced 
MT-2 cells. Total RNA was isolated from cells transduced with A3-5 
constructs described in Figs. 35 and 36 In a standard ribozyme cleavage 
reaction. 5 fig total RNA and trace amounts of 5' temnlnus-labeled ribozyme 

20 target RNA were denatured separately by heating to 90^C for 2 min in the 
presence of 50 mM Tris-HCI. pH 7.5 and 10 mM MgCl2. RNAs were 
renatured by cooling the reaction mixture to 37°C for 10-15 min. Cleavage 
reaction was initiated by mixing the labeled substrate RNA and total 
cellular RNA at 37°C. The reaction was allowed to proceed for - 18h. 

25 following which the samples were resolved on a 20 % urea-polyacrylamide 
gel. Bands were visualized by autoradiography. 

Figures 38 and 39. Ribozyme expression and activity levels in S35- 
transduced clonal CEM cell lines. 38) Northern analysis of S35- 
transduced clonal CEM cell lines. Standard curve was generated by 

30 spiking known concentrations of in vitro transcribed 85 RNA into total 
cellular RNA isolated from non-transduced CEM cells. Pool, contains RNA 
from pooled cells transduced with S35 construct. Pool (-G418 for 3 Mo), 
contains RNA from pooled cells that were initially selected for resistance to 
G418 and then grown in the absence of G418 for 3 months. Lanes A 

35 through N contain RNA from individual clones that were generated from the 
pooled cells transduced with S35 construct. tRNAjn^et^ refers to the 
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endogenous tRNA. S35, refers to the position of the ribozyme band. M, 
marker lane. 39) Activity levels in S35-transduced clonal CEM cell lines. 
RNA isolation and cleavage reactions were as described in Fig.37. 
Nomenclature is same as in Figs, 35 and 36 except, S, 5' terminus-labeled 
5 substrate RNA. P, 8 nt 5' terminus-labeled ribozyme-mediated RNA 
cleavage product. 

Figures 40 and 41 are proposed secondary stmctures of S35 and 
S35 containing a desired RNA (HHI), respectively. The position of HHI 
ribozyme is indicated in figure 41. Intramolecular stem refers to the stem 
10 structure formed due to an intramolecular base-paired interaction between 
the 3' sequence and the complementary 5' terminus. The length of the 
stem ranges from 15-16 base-pairs. Location of the A and the B boxes are 
shown. 

Figures 42 and 43 are proposed secondary structures of S35 plus 
15 and S35 plus containing HHI ribozyme. 

Figures 44, 45, 46 and 47 are the nucleotide base sequences of S35, 
HHIS35, S35 Plus, and HHIS35 Plus respectively. 

Figs. 48a-b is a general formula for pol III RNA of this invention. 

Figure 49 is a digrammatic representation of 5T construct. In this 
20 construct the desired RNA is located 3* of the intramolecular stem. 

Figures 50 and 51 contain proposed secondary structures of 5T 
construct alone and 5T contruct containing a desired RNA (HHI ribozyme) 
respectively. 

Figure 52 is a diagrammatic representation of TRZ-tRNA chimeras. 
25 The site of desired RNA insertion is indicated. 

Figure 53 shows the general structure of HHITRZ-A ribozyme chimera. 
A hammerhead ribozyme targeted to site I is inserted into the stem II region 
of TRZ'tRNA chimera. 

Figure 54 shows the general structure of HPiTRZ-A ribozyme chimera. 
30 A hairpin ribozyme targeted to site I is cloned into the indicated region of 
TRZ-tRNA chimera. 
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Figure 55 shows a comparison of RNA cleavage activity of HHITRZ-A, 
HHiTRZ-B and a chemically synthesized HHI hammerhead ribozymes. 

Figure 56 shows expression of ribozymes in T cell lines that are stably 
transduced with viral vectors. M, markers; lane 1, non-transduced CEM 
5 cells; lanes 2 and 3, MT2 and CEM cells transduced with retroviral vectors; 
lanes 4 and 5, MT2 and CEM cells transduced with AAV vectors. 

Figs. 57a-b Schematic diagram of adeno-associated virus and 
adenovirues vectors for ribozyme delivery. Both vectors utilize one or more 
ribozyme encoding transcription units (RZ) based on RNA polymerase II or 

10 RNA polymerase III promoters. A. Diagram of an AAV-based vector 
containing minimal AAV sequences comprising the inverted terminal 
repeats (ITR) at each end of the vector genome, an optional selectable 
marker (Neo) driven by an exogenous promoter (Pro), a ribozyme 
transcription unit, and sufficient additional sequences (stuffer) to maintain a 

15 vector length suitable for efficient packaging. B. Diagram of ribozyme 
expressing adenovirus vectors containing deletions of one or more wild 
type adenoviorus coding regions (cross-hatched boxes marked as E1. pIX, 
E3, and E4), and insertion of the ribozyme transcription unit at any or 
several of those regions of deletions. 

20 Fig. 58 is a graph showing the effect of arm length variation on the 

activity of ligated hammerhead (HH) ribozymes. Nomenclature 5/5, 6/6, 
7/7, 8/8 and so on refers to the number of base-pairs being formed between 
the ribozyme and the target. For example, 5/8 means that the HH ribozyme 
forms 5 bp on the 5' side and 8 bp on the 3' side of the cleavage site for a 

25 total of 13 bp. -AG refers to the free energy of binding calculated for base- 
paired interactions between the ribozyme and the substrate RNA (Turner 
and Sugimoto, 1988 Ann. Rev. Biophvs. Chem. 17. 167). RPI A is a HH 
ribozyme with 6/6 binding arms. 

Figs. 59 and 60 and 61 show cleavage of long substrate (622 nt) by 
30 ligated HH ribozymes. 

Fig. 62 is a diagrammatic representation of a hammerhead ribozyme 
(HH-H) targeted against a site termed H. Variants of HH-H are also shown 
that contain either a 2 base-paired stem II (HH-H1 and HH-H2) or a 3 base- 
paired stem II (HH-H3 and HH-H4). 
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Figs. 63 and 64 show RNA cleavage activity of HH-I and its variants 
(see Fig.62). 63) cleavage of matched substrate RNA (15 nt). 64) cleavage 
of long substrate RNA (613 nt). 

Figs. 65a-b is a schematic representation of a method of this invention 
5 to synthesize a full length hairpin ribozyme. No splint strand is required for 
ligation but rather the two fragments hybridize together at helix 4 prior to 
ligation. The only prerequisite is that the 3' fragment is phosphorylated at 
its 5' end and that the 3' end of the 5' fragment have a hydroxyl group. The 
hairpin ribozyme is targeted against site J. HI and H2 are intermolecular 
10 helices formed between the ribozyme and the substrate. H3 and H4 are 
intramolecular helices formed within the hairpin ribozyme motif. Arrow 
indicates the cleavage site. 

Fig. 66 shows RNA cleavage activity of ligated hairpin ribozymes 
targeted against site J. 

15 Figs. 67a-b is a diagrammatic representation of a Site K Hairpin 

Ribozyme (HP-K) showing the proposed secondary structure of the hairpin 
ribozyme •substrate complex as described in the art (Berzal-Herranz et al., 
1993 EMBO, J. 12, 2567). The ribozyme has been assembled from two 
fragments (bimolecular ribozyme; Chowrira and Burke. 1992 Nucleic Acids 

20 Res, 20, 2835); #H1 and H2 represent intermolecular helix formation 
between the ribozyme and the substrate. H3 and H4 represent 
intramolecular helix formation within the ribozyme (intermolecular helix in 
the case of bimolecular ribozyme). Left panel (HP-K1) indicates 4 base- 
paired helix 2 and the right panel (HP-K2) indicates 6 base-paired helix 2. 

25 Arrow indicates the site of RNA cleavage. All the ribozymes discussed 
herein were chemically synthesized by solid phase synthesis using RNA 
phosphoramadite chemistry, unless otherwise indicated. Those skilled in 
the art will . recognize that these ribozymes could also be made 
transcriptionally in vitro and in vivo. 

30 Figure 68 is a graph showing RNA cleavage by hairpin ribozymes 

targeted to site K. A plot of fraction of the target RNA uncleaved (fraction 
uncleaved) as a function of time is shown. HP-K2 (6 bp helix 2) cleaves a 
422 target RNA to a greater extent than the HP-K1 (4 bp helix 2). 
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To make internally-labeled substrate RNA for trans-ribozyme 
cleavage reactions, a 422 nt region (containing hairpin site A) was 
synthesized by PGR using primers that place the T7 RNA promoter 
upstream of the amplified sequence. Target RNA was transcribed in a 
5 standard transcription buffer in the presence of [a-32p]CTP (Chowrira & 
Burke, 1991 supra). The reaction mixture was treated with 15 units of 
ribonuciease-free DNasel, extracted with phenol followed 
chloroformiisoamyl alcohol (25:1), precipitated with isopropanol and 
washed with 70% ethanol. The dried pellet was resuspended in 20 ^il 
1 0 DEPC-treated water and stored at -20°C. 

Unlabeled ribozyme (Ip-M) and internally labeled 422 nt substrate 
RNA (<10 nM) were denatured and renatured separately in a standard 
cleavage buffer (containing 50 mM Tris HCi pH 7.5 and 10 mM MgCl2) by 
heating to 90^*0 for 2 min. and slow cooling to ST^'C for 10 min. The 

15 reaction was initiated by mixing the ribozyme and substrate mixtures and 
incubating at 37'*C. Aliquots of 5 |il were taken at regular time intervals, 
quenched by adding an equal volume of 2X formamide gel loading buffer 
and frozen on dry ice. The samples were resolved on 5% polyacrylamlde 
sequencing gel and results were quantitatively analyzed by radioanalytic 

20 imaging of gels with a Phosphorimager (Molecular Dynamics, Sunnyvale, 



Figs. 69a-b is the Site L Hairpin Ribozyme (HP-L) showing proposed 
secondary structure of the hairpin ribozyme»substrate complex. The 
ribozyme was assembled from two fragments as described above. The 
25 nomenclature is the same as above. 

Figure 70 shows RNA cleavage by hairpin ribozymes targeted to site 
L. A. plot of fraction of the target RNA uncleaved (fraction uncleaved) as a 
function of time is shown. HP-L2 (6 bp helix 2) cleaves a 2 KB target RNA 
to a greater extent than the HP-LI (4 bp helix 2). To make internally- 
30 labeled substrate RNA for frans-ribozyme cleavage reactions, a 2 kB region 
(containing hairpin site L) was synthesized by PGR using primers that place 
the T7 RNA promoter upstream of the amplified sequence. The cleavage 
reactions were carried out as described above. 



CA). 
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Figs. 71a-b shows a Site M Hairpin Ribozyme (HP-M) with the 
proposed secondary structure of the hairpin ribozyme^substrate complex. 
The ribozyme was assembled from two fragments as described above. 

Figure 72 is a graph showing RNA cleavage by hairpin ribozymes 
5 targeted to site M. The ribozymes were tested at both 20*^0 and at 26^*0. 
To make internally-labeled substrate RNA for trans-ribozyme cleavage 
reactions, a 1.9 KB region (containing hairpin site M) was synthesized by 
PGR using primers that place the T7 RNA promoter upstream of the 
amplified sequence. Cleavage reactions were carried out as described 
10 above except that 20°C and at 26''C temperatures were used. 

Figs. 73a-d shows various structural modifications of the present 
invention. A) Hairpin ribozyme lacking helix 5. Nomenclature is same as 
described under figure 3, B) Hairpin ribozyme lacking helix 4 and helix 5. 
Helix 4 is replaced by a nucleotide loop wherein q is > 2 bases. 

15 Nomenclature is same as described under figure 3. C) Hairpin ribozyme 
lacking helix 5. Helix 4 loop is replaced by a linker 103"L". wherein L is a 
non-nucleotide linker molecule (Benseler et aL, 1993 J. Am. Chem, Soc. 
115, 8483; Jennings ei ai, WO 94/13688). Nomenclature is same as 
described under figure 3. D) Hairpin ribozyme lacking helix 4 and helix 5. 

20 Helix 4 is replaced by non-nucleotide linker molecule "L" (Benseler et aL, 
1993 supra; Jennings et al., supra). Nomenclature is same as described 
under figure 3. 

Figs. 74a-b shows Hairpin ribozymes containing nucleotide spacer 
region "s" at the indicated location, wherein s is > 1 base. Hairpin 
25 ribozymes containing spacer region, can be synthesized as one fragment 
or can be assembled from multiple fragments. Nomenclature is same as 
described under figure 3. 

Figs. 75a-e shows the structures of the 5'-C-alkyl-modified 
nucleotides. Ri is as defined above. R is OH. H, O-protecting group, NH, or 
30 any group described by the publications discussed above, and those 
described below. B is as defined in the Figure or any other equivalent 
nucleotide base. CE is cyanoethyl, DMT is a standard blocking group. 
Other abbreviations are standard in the art. 
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Figure 76 is a diagrammatic representation of the synthesis of 5'-C- 
a!ky!-D-allose nucleosides and their phosphoramidites. 

Figure 77 is a diagrammatic representation of the synthesis of 5'-C- 
alkyl-L-talose nucleosides and their phosphoramidites. 



ribozymes targeted to site O containing 5'-C-methyl-L-talo modifications at 
various positions. 

Figure 79 shows RNA cleavage activity of HH-O ribozymes. Fraction 
of target RNA uncleaved as a function of time is shown. 



hammerhead ribozyme (according to Hertel et al. Nucleic Acids Res, 1 992, 
20, 3252) showing specific substitutions. 

Figs. 81a-j shows the structures of various 2'-alkyl modified 
nucleotides which exemplify those of this invention. R groups are alky! 
15 groups, 2 is a protecting group. 

Figure 82 is a diagrammatic representation of the synthesis of 2'-C- 
allyl uridine and cytidine. 

Figure 83 is a diagrammatic representation of the synthesis of 2*-C- 
methylene and 2'-C-difluoromethylene uridine. 

20 Figure 84 is a diagrammatic representation of the synthesis of 2'-C- 

methylene and 2'-C-difluoromethylene cytidine. 

Figure 85 is a diagrammatic representation of the synthesis of 2'-C- 
methylene and 2'-C-dif!uoromethylene adenosine. 

Figure 86 is a diagrammatic representation of the synthesis of 2*-C- 
25 carboxymethylidine uridine, 2'-C-methoxycarboxymethylidine uridine and 
derivatized amidites thereof. X is CH3 or alky! as discussed above, or 
another substituent. 

Figure 87 is a diagrammatic representation of a synthesis of 
nucleoside 5'-deoxy-5'-difluoromethylphosphonates. 



Figure 78 is a diagrammatic representation of hammerhead 



10 



Figure 80 is a diagrammatic representation of a position numbered 
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Figure 88 is a diagrammatic representation of the synthesis of 
nucleoside 5'-deoxy-5'-difluoromethylphosphonate 3*-phosphoramidites, 
dimers and solid supported dimers. 

Figure 89 is a diagrammatic representation of the synthesis of 
5 nucleoside 5'-deoxy-5'-difluoromethylene triphosphates. 

Figures 90 and 91 are diagrammatic representations of the synthesis 
of 3'-deoxy-3'-difluoromethylphosphonates and dimers. 

Figure 92 is a schematic representation ' of synthesizing RNA 
phosphoramidite of a nucleotide containing a 2'-hydroxyl group 
10 modification of the present invention. 

Figs. 93a-b describes a method for deprotection of oligonucleotides 
containing a 2'-hydroxyl group modification of the present invention. 

Figure 94 is a diagrammatic representation of a hammerhead 
ribozyme targeted to site N. Positions of 2'-hydroxyl group substitution is 
15 indicated. 

Figure 95 shows RNA cleavage activity of ribozymes containing a 2'- 
hydroxyl group modification of the present invention. Ail RNA, represents 
hammerhead ribozyme (HHN) with no 2'-hydroxyl group modifications. U7- 
ala. represents HHN ribozyme containing 2'-NH-alanine modification at the 
20 U7 position. U4/U7-ala, represents HHA containing 2*-NH-alanine 
modifications at U4 and U7 positions. U4 lys, represents HHA containing 
2'-NH-lysine modification at U4 position. U7 lys, represents HHA containing 
2'-NH-lysine modification at U7 position. U4/U7-lys. represents HHN 
containing 2'-NH-lysine modification at U4 and U7 positions. 

25 Figures 96 and 97 are schematic representations of synthesizing 

(solid-phase synthesis) 3' ends of RNA with modification of the present 
invention. B, refers to either a base, modified base or an H. 

Figure 98 and 99 are schematic representations of synthesizing 
(solid-phase synthesis) 5' ends of RNA with modification of the present 
30 invention. B, refers to either a base, modified base or an H. 

Figures 100 and 101 are general schematic representations of the 
invention. 
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Fig. 102a-d is a schematic representation of a method of the invention. 

Fig. 103 is a graph of the results of the experiment diagrammed in 
figure 104. 

Figure 104 is a diagrammatic representation of a fusion mRNA used 
5 in the experiment diagrammed in Fig, 102. 

Figure 105 is a diagrammatic representation of a method for selection 
of useful ribozymes of this invention. 

Figure 106 generally shows R-loop formation, and an R-loop 
complex. In addition, it indicates the location at which ligands can be 
10 provided to target the R-loop complex to cells using at least three different 
procedures, such as ligand receptor interaction, lipid or calcium phosphate 
mediated delivery, or electroporation. 

Figure 107 shows a method for use of self-processing ribozymes to 
generate therapeutic ribozymes of unit length. This method is essentially 
1 5 described by Draper et al., PCT WO 93/23509. 

Figure 108 shows a method of linking ligands like folate, 
carbohydrate or peptides to R-loop forming RNA. 

Ribozymes of this invention block to some extent ICAM-1, IL-5, rel A, 
TNF-a, p210t>cr-ab!^ or RSV genes expression and can be used to treat 
20 diseases or diagnose such diseases. Ribozymes will be delivered to cells 
in culture and to tissues in animal models. Ribozyme cleavage of ICAM-1 , 
11-5, rel A, TNF-a ,p210^^^'^^K or RSV mRNA in these systems may prevent 
or alleviate disease symptoms or conditions. 

I. Target sites 

25 Targets for useful ribozymes can be determined as disclosed in 

Draper et al PCT WO93/23509, Sullivan et a/., PCT WO94/02595 as well 
as by Draper et al., PCT/US94/13129 and hereby incorporated by 
reference herein in totality. Rather than repeat the guidance provided in 
those documents here, below are provided specific examples of such 

30 methods, not limiting to those in the art. Ribozymes to such targets are 
designed as described in those applications and synthesized to be tested 
in vitro and in vivo, as also described. Such ribozymes can also be 
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optimized and delivered as described therein. While specific examples to 
animal and human RNA are provided, those in the art will recognize that 
the equivalent human RNA targets described can be used as described 
below. Thus, the same target may be used, but binding arms suitable for 
5 targeting human RNA sequences are present in the ribozyme. Such 
targets may also be selected as described below. 

It must be established that the sites predicted by the computer-based 
RNA folding algorithm correspond to potential cleavage sites. 
Hammerhead or hairpin ribozymes are designed that could bind and are 

10 individually analyzed by computer folding (Jaeger et aL, 1989 Proc. Natl. 
Acad. Sci., USA, 86 7706-7710) to assess whether the ribozyme 
sequences fold into the appropriate secondary structure. Those ribozymes 
with unfavorable intramolecular interactions between the binding arms and 
the catalytic core are eliminated from consideration. Varying binding arm 

1 5 lengths can be chosen to optimize activity. Generally, at least 5 bases on 
each arm are able to bind to, or otherwise interact with, the target RNA. 

mRNA is screened for accessible cleavage sites by the method 
described generally in Draper et al., PCT W093/23569 hereby 
incorporated by reference herein. Briefly, DNA oligonucleotides 

20 representing potential hammerhead or hairpin ribozyme cleavage sites are 
synthesized. A polymerase chain reaction is used to generate a substrate 
for T7 RNA polymerase transcription from cDNA clones. Labeled RNA 
transcripts are synthesized in vitro from DNA templates. The 
oligonucleotides and the labeled trascripts are annealed. RNaseH is 

25 added and the mixtures are incubated for the designated times at 37°C. 
Reactions are stopped and RNA separated on sequencing polyacrylamide 
gels. The percentage of the substrate cleaved is determined by 
autoradiographic quantitation using a phosphor imaging system. From 
these data, hammerhead or hairpin ribozynme sites are chosen as the 

30 most accessible. 

Ribozymes of the hammerhead or hairpin motif are designed to 
anneal to various sites in the mRNA message. The binding arms are 
complementary to the target site sequences desribed above. The 
ribozymes are chemically synthesized. The method of synthesis used 
35 follows the procedure for normal RNA synthesis as described in Usman et 
aL, 1987 J, Am, Chem. Soc, 109, 7845 and in Scaringe et al., 1990 
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Nucleic Acids Res,, 18, 5433 and made use of common nucleic acid 
protecting and coupling groups, such as dimethoxytrityl at the 5'-end, 
phosphoramidites at the 3'-end. The average stepwise coupling yeilds are 
>98%. Inactive ribozymes are synthesized by substituting a U for G5 and a 
5 U for Ai4 (numbering from Hertel et al., 1992 Nucleic Acids Res.. 20. 
3252). Hairpin ribozymes are synthesized in two parts and annealed to 
reconstaict the active ribozyme (Chowrira and Burke. 1992 Nucleic Acids 
Res., 20, 2835-2840). Ribozymes are also synthesized from DNA 
templates using bacteriophage T7 RNA polymerase (Milligan and 

10 Uhlenbach, 1989. Methods EnzymoK 180, 51). All ribozymes are modified 
extensively to enhance stability by modification with nuclease resistant 
groups, for example. 2'-amino. 2'-C-allyl, 2Mlouro, 2'-0-methy!, 2*H (for a 
review see Usman and Cedergren, 1992 TIBS 17.34). Ribozymes are 
purified by gel electrophoresis using heneral methods or are purified by 

15 high pressure liquid chromatography and are resuspended in water. 

Example 1 : ICAM-1 

Ribozymes that cleave ICAM-1 mRNA represent a novel therapeutic 
approach to inflammatory or autoimmune disorders. ICAM-1 function can 
be blocked therapeutically using monoclonal antibodies. Ribozymes have 
20 the advantage of being generally immunologically inert, whereas 
significant neutralizing anti-IgG responses can be observed with some 
monoclonal antibody treatments. 

The following is a brief description of the physiological role of ICAM-1. 
The discussion is not meant to be complete and is provided only for 
25 understanding of the invention that follows. This summary is not an 
admission that any of the work described below is prior art to the claimed 
invention. 

Intercellular adhesion molecule-1 (ICAM-1) is a cell surface protein 
whose expression is induced by inflammatory mediators. ICAM-1 is 
30 required for adhesion of leukocytes to endothelial cells and for several 
immunological functions including antigen presentation, immunoglobulin 
production and cytotoxic cell activity. Blocking ICAM-1 function prevents 
immune cell recognition and activity during transplant rejection and in 
animal models of rheumatoid arthritis, asthma and reperfusion injury. 
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Cell-cell adhesion plays a pivotal role in inflammatory and immune 
responses (Springer et a!., 1987 Ann. Rev. Immunol. 5, 223-252). Cell 
adhesion is required for leukocytes to bind to and migrate through vascular 
endothelial cells. In addition, cell-cell adhesion is required for antigen 
presentation to T cells, for B cell induction by T cells, as well as for the 
cytotoxicity activity of T cells, NK ceils, monocytes or granulocytes. 
Intercellular adhesion molecule-1 (ICAM-1) is a 110 kilodalton member of 
the immunoglobulin superfamily that is involved in all of these cell-cell 
interactions (Simmons et al., 1988 Nature (London) 331, 624-627). 

ICAM-1 is expressed on only a limited number of cells and at low 
levels in the absence of stimulation (Dustin et al., 1986 J. Immunol. 137, 
245-254). Upon treatment with a number of inflammatory mediators 
(lipopolysaccharide, r-interferon. tumor necrosis factor-a, or interleukin-1), 
a variety of cell types (endothelial, epithelial, fibroblastic and hematopoietic 
cells) in a variety of tissues express high levels of ICAM-1 on their surface 
(Sringer et. al. supra; Dustin et al.. supra; and Rothlein et al., 1988 J. 
Immunol. 141, 1665-1669). Induction occurs via increased transcription of 
ICAM-1 mRNA (Simmons et al., supra). Elevated expression is detectable 
after 4 hours and peaks after 1 6 - 24 hours of induction. 

ICAM-1 induction is critical for a number of inflammatory and immune 
responses. In vitro, antibodies to ICAM-1 block adhesion of leukocytes to 
cytokine-activated endothelial cells (Boyd, 1988 Proc. Natl. Acad. Sci. USA 
85, 3095-3099; Dustin and Springer. 1988 J. Cell Biol. 107, 321-331). 
Thus, ICAM-1 expression may be required for the extravasation of immune 
cells to sites of inflammation. Antibodies to ICAM-1 also block T cell killing, 
mixed lymphocyte reactions, and T cell-mediated B cell differentiation, 
suggesting that ICAM-1 is required for these cognate cell interactions 
(Boyd et al., supra). The importance of ICAM-1 in antigen presentation is 
underscored by the inability of ICAM-1 defective murine B cell mutants to 
stimulate antigen-dependent T cell proliferation (Dang et al., 1990 J. 
Immunol. 144, 4082-4091). Conversely, murine L cells require transfection 
with human ICAM-1 in addition to HLA-DR in order to present antigen to 
human T cells (Altmann et al., 1989 Nature (London) 338, 512-514). In 
summary, evidence in vitro Indicates that ICAM-1 is required for cell-cell 
interactions critical to inflammatory responses, cellular immune responses, 
and humoral antibody responses. 
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By engineering ribozyme motifs we have designed several ribozymes 
directed against ICAM-1 mRNA sequences. These have been synthesized 
with modifications that improve their nuclease resistance. These 
ribozymes cleave ICAM-1 target sequences in vitro. 

5 The sequence of human, rat and mouse ICAIVI-I mRNA can be 

screened for accessible sites using a compter folding algorithm. Regions 
of the mRNA that did not form secondary folding structures and that contain 
potential hammerhead or hairpin ribozyme cleavage sites can be 
identified. These sites are shown in Tables 2. 3, and 6-9. (All sequences 
1 0 are 5' to 3' in the tables) While rat. mouse and human sequences can be 
screened and ribozymes thereafter designed, the human targeted 
sequences are of most utility. 

The sequences of the chemically synthesized ribozymes useful in this 
study are shown in Tables 4 - 8 and 10. Those in the art will recognize that 
1 5 these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity and may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tables. 

20 The ribozymes will be tested for function in vivo by exogenous 

delivery to human umbilical vein endothelial cells (HUVEC). Ribozymes 
will be delivered by incorporation into liposomes, by complexing with 
cationic lipids, by microinjection, or by expression from DNA or RNA 
vectors described above. Cytokine-induced ICAM-1 expression will be 

25 monitored by ELISA, by indirect immunofluoresence. and/or by FACS 
analysis. ICAM-1 mRNA levels will be assessed by Northern, by RNAse 
protection, by primer extension or by quantitative RT-PCR analysis. 
Ribozymes that block the induction of ICAM-1 protein and mRNA by more 
than 90% will be identified. 

30 As disclosed by Sullivan et al.. PCT WO94/02595, incorporated by 

reference herein, ribozymes and/or genes encoding them will be locally 
delivered to transplant tissue ex vivo in animal models. Expression of the 
ribozyme will be monitored by its ability to block ex vivo induction of ICAM- 
1 mRNA and protein. The effect of the anti-ICAM-1 ribozymes on graft 

35 rejection will then be assessed. Similarly, ribozymes will be introduced 
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into joints of mice with collagen-induced arthritis or rabbits with 
Streptococcal cell wall-induced arthritis. Liposome delivery, cationic lipid 
delivery, or adeno-associated virus vector delivery can be used. One dose 
(or a few infrequent doses) of a stable anti-ICAM-1 ribozyme or a gene 
5 construct that constitutively expresses the ribozyme may abrogate 
inflammatory and immune responses in these diseases. 

Uses 

ICAM-1 plays a central role in immune cell recognition and function. 
Ribozyme inhibition of ICAM-1 expression can reduce transplant rejection 

10 and alleviate symptoms in patients with rheumatoid arthritis, asthma or 
other acute and chronic inflammatory disorders. We have engineered 
several ribozymes that cleave ICAM-1 mRNA. Ribozymes that efficiently 
inhibit ICAM-1 expression in cells can be readily found and their activity 
measured with regard to their ability to block transplant rejection and 

15 arthritis symptoms in animal models. These anti-ICAM-1 ribozymes 
represent a novel therapeutic for the treatment of immunological or 
inflammatory disorders. 

The therapeutic utility of reduction of activity of ICAM-1 function is 
evident in the following disease targets. The noted references indicate the 

20 role of ICAM-1 and the therapeutic potential of ribozymes described herein. 
Thus, these targets can be therapeutically treated with agents that reduce 
ICAM-1 expression or function. These diseases and the studies that 
support a critical role for ICAM-1 in their pathology are listed below. This 
list is not meant to be complete and those in the art will recognize further 

25 conditions and diseases that can be effectively treated using ribozymes of 
the present invention. 

• Transplant rejection 

ICAM-1 is expressed on venules and capillaries of human cardiac biopsies 
with histological evidence of graft rejection (Briscoe et al.. 1991 Transplantation 
30 51, 537-539). 

Antibody to ICAM-1 blocks renal (Cosimi et al., 1990J. ImmunoL 144, 4604- 
4612) and cardiac (Flavin et al., 1991 Transp/anf. Proc, 23. 533-534) graft 
rejection in primates. 
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A Phase I clinical trial of a monoclonal anti-ICAM-1 antibody showed significant 
reduction in rejection and a significant increase in graft function in human 
kidney transplant patients (Haug, et al., W93Transplantation 55, 766-72). 

• Rheumatoid arthritis 

ICAM-1 overexpression is seen on synovial fibroblasts, endothelial cells, 
macrophages, and some lymphocytes (Chin et al., 1990 Arthritis Rheum 33, 
1776-86; Koch et al., 1991 Lab Invest 64, 313-20). 

Soluble ICAM-1 levels correlate with disease severity (Mason et al.. 1993 
Arthritis Rheum 36, 519-27). 

Anti-ICAM antibody inhibits collagen-induced arthritis in mice (Kakimoto et ah, 
1992 Cell Immunol 142, 326-37). 

Anti-ICAM antibody inhibits adjuvant-induced arthritis in rats (iigo et al., 1991 J 
Immunoi 1 47, 41 67-71 ). 

• Myocardial ischemia, stroke, and reperfusion Injury 

Anti-ICAM-1 antibody blocks adherence of neutrophils to anoxic endothelial 
cells (Yoshida et al., 1992 Am J Physiol 262, HI 891 -8). 

Anti-ICAM-1 antibody reduces neurological damage in a rabbit model of 
cerebral stroke (Bowes et al., 1993 Exp Neurol 119, 215-9). 

Anti-ICAM-1 antibody protects against reperfusion injury in a cat model of 
myocardial ischemia (Ma et al., W92Circulation 86, 937-46). 

• Asthma 

Antibody to ICAM-1 partially blocks eosinophil adhesion to endothelial cells 
and is overexpressed on inflamed airway endothelium and epithelium in vivo 
(Wegner et al., 1990 Science 247, 456-9). 

In a primate model of asthma, anti-lCAM-1 antibody blocks ainA/ay eosinophilia 
(Wegneret al., supra) and prevents the resurgence of airway inflammation and 
hyper-responsiveness after dexamethosone treatment (Gundel et al., 1992 Clin 
Exp Allergy 22, 569-75). 



Psoriasis 
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Surface ICAM-1 and a clipped, soluble version of ICAM-1 is expressed in 
psoriatic lesions and expression correlates with inflammation (Kellner et al., 
1991 Br J Dermatol 125. 21 1-6; Griffiths 1989 J Am Acad Dermatol 20, 617-29; 
Schopf et al., 1993 Br J Dermatol 128. 34-7). 

5 Anti-ICAM antibody blocks keratinocyte antigen presentation to T cells 
(Nickoloff et al.. 1993J Immunol 150, 2148-59 ). 

• Kawasaki disease 

Surface ICAM-1 expression correlates with the disease and is reduced by 
effective immunoglobulin treatment (Leung, et aL. 1989Lancef 2. 1298-302). 

10 Soluble ICAM levels are elevated in Kawasaki disease patients; particularly 
high levels are observed in patients with coronary artery lesions (Furukawa et 
al., ^992A^thriti$ Rheum 35, 672-7; Tsuji. 1992 Arerugi4^, 1507-14). 

Circulating LFA-1+ T cells are depleted (presumably due to ICAM-1 mediated 
extravasation) in Kawasaki disease patients (Furukawa et al., 1993Scanrf J 
1 5 Immunol 37. 377-80). 

Example 2: IL-5 

Ribozymes that cleave IL-5 mRNA represent a novel therapeutic 
approach to inflammatory disorders like asthma. The invention features 
use of ribozymes to treat chronic asthma, e.g.. by inhibiting the synthesis 
20 of IL-5 in lymphocytes and preventing the recruitment and activation of 
eosinophils. 

A number of cytokines besides IL-5 may also be involved in the 
activation of inflammation in asthmatic patients, including platelet activating 
factor, IL-I, IL-3, IL-4, GM-CSF. TNF-a, gamma interferon. VCAM. ILAM-1, 

25 ELAM-1 and NF-kB. In addition to these molecules, it is appreciated that 
any cellular receptors which mediate the activities of the cytokines are also 
good targets for intervention in inflammatory diseases. These targets 
include, but are not limited to, the IL-1 R and TNF-aR on keratinocytes. 
epithelial and endothelial cells in airways. Recent data suggest that certain 

30 neuropeptides may play a role in asthmatic symptoms. These peptides 
include substance P. neurokinin A and calcitonin-gene-related peptides. 
These target genes may have more general roles in inflammatory 
diseases, but are currently assumed to have a role only in asthma. 



wo 95/23225 



PCT/IB95/00156 



29 

Ribozymes of this invention block to some extent IL-5 expression and 
can be used to treat disease or diagnose such disease. Ribozynnes will be 
delivered to cells in culture and to cells or tissues in animal models of 
asthma (Clutterbuck et al., 1989 supra: Garssen et al., 1991 Am. Rev. 
5 Respir. Pis. 144. 931-938; Larsen et al.. 1992 J. Clin. Invest. 89, 747-752; 
Mauser et al., 1993 supra ). Ribozyme cleavage of IL-5 mRNA in these 
systems may prevent inflammatory cell function and alleviate disease 
symptoms. 

The sequence of human and mouse IL-5 mRNA were screened for 
10 accessible sites using a computer folding algorithm. Potential 
hammerhead or hairpin ribozyme cleavage sites were identified. These 
sites are shown in Tables 11.13, and 14. 15. (All sequences are 5' to 3' in 
the tables.) While mouse and human sequences can be screened and 
ribozymes thereafter designed, the human targeted sequences are of most 
15 utility. However, mouse targeted ribozymes are useful to test efficacy of 
action of the ribozyme prior to testing in humans. The nucleotide base 
position is noted in the Tables as that site to be cleaved by the designated 
type of ribozyme. {In Table 12, lower case letters indicate positions that are 
not conserved between the Human and the Mouse IL-5 sequences.) 

20 The sequences of the chemically synthesized ribozymes useful in this 

study are shown in Tables 12. 14 - 16. Those in the art will recognize that 
these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity. For example, stem loop II sequence of 

25 hammerhead ribozymes listed in Tables 12 and 14 (5'-GGCCGAAAGGCC- 
3') can be altered (substitution, deletion and/or insertion) to contain any 
sequence provided, a minimum of two base-paired stem structure can form. 
Similarly, stem-loop IV sequence of hairpin ribozymes listed in Tables 15 
and 16 (5'-CACGUUGUG-3') can be altered (substitution, deletion and/or 

30 insertion) to contain any sequence provided, a minimum of two base- 
paired stem structure can form. The sequences listed in Tables 12, 14 - 16 
may be formed of ribonucleotides or other nucleotides or non-nucleotides. 
Such ribozymes are equivalent to the ribozymes described specifically in 
the Tables. 

35 By engineering ribozyme motifs we have designed several ribozymes 

directed against IL-5 mRNA sequences. These ribozymes are synthesized 
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with modifications that improve their nuclease resistance. The ability of 
ribozymes to cleave IL-5 target sequences in vitro is evaluated. 

The ribozymes will be tested for function in vivo by analyzing IL-5 
expression levels. Ribozymes will be delivered to cells by incorporation 
5 into liposomes, by complexing with cationic lipids, by microinjection, or by 
expression from DNA or RNA vectors. IL-5 expression will be monitored 
by biological assays. ELISA, by indirect immunofluoresence. and/or by 
FACS analysis. IL-5 mRNA levels will be assessed by Northern analysis, 
RNAse protection or primer extension analysis or quantitative RT-PCR. 
1 0 Ribozymes that block the induction of IL-5 activity and/or IL-5 mRNA by 
more than 90% will be identified. 

Uses 

Interleukin 5 (IL-5), a cytokine produced by CD4+ T helper cells and 
mast cells, was originally termed B cell growth factor II (reviewed by 

1 5 Takatsu et al., 1988 Immunol. Rev. 102, 107). It stimulates proliferation of 
activated B cells and induces production of IgM and IgA. IL-5 plays a major 
role in eosinophil function by promoting differentiation (Ciutterbuck et al., 
1989 Blood 73, 1504-12), vascular adhesion (Walsh et al., 1990 
Immunology 71, 258-65) and in vitro survival of eosinophils (Lopez et al., 

20 1988 J. Exp. Med. 167, 219-24). This cytokine also enhances histamine 
release from basophils (Hirai et al., 1990 J. Exp. Med. 172, 1525-8). The 
following summaries of clinical results support the selection of IL-5 as a 
primary target for the treatment of asthma: 

Several studies have shown a direct correlation between the number 
25 of activated T cells and the number of eosinophils from asthmatic patients 
vs. nomial patients (Oehling et al., 1992 J. Investig. Allergol. Clin. Immunol. 
2, 295-9). Patients with either allergic asthma or intrinsic asthma were 
treated with corticosteroids. The bronchoalveolar lavage was monitored for 
eosinophils, activated T helper cells and recovery of pulmonary function 
30 over a 28 to 30 day period. The number of eosinophils and activated T 
helper cells decreased progressively with subsequent improvement in 
pulmonary function compared to intrinsic asthma patients with no 
corticosteroid treatment. 

Bronchoalveolar lavage cells were screened for production of 
35 cytokines using in situ hybridization for mRNA. In situ hybridization signals 
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were detected for IL-2, IL-3, IL-4. lL-5 and GM-CSF. Upregulation of mRNA 
was observed for IL-4, IL-5 and GM-CSF (Robinson et al.. 1993 J. Allergy 
Clin. Immunol . 92, 313-24). Another study showed that upregulation of IL-5 
transcripts from allergen challenged vs. saline challenged asthmatic 
5 patients (Krishnaswamy et al,, 1993 Am. J. Resoir. Cell. Moi. BioL 9, 279- 
86). 

An 18 patient study was performed to determine a mechanism of 
action for corticosteroid improvement of asthma symptoms. Improvement 
was monitored by methacholine responsiveness. A correlation was 
10 observed between the methacholine responsiveness, a reduction in the 
number of eosinophils, a reduction in the number of cells expressing IL-4 
and IL-5 mRNA and an increase in number of cells expressing interferon- 
gamma. 

Bronchial biopsies from 15 patients were analyzed 24 hours after 
15 allergen challenge (Bentley et al., 1993 Am. J. Resoir. Cell. Moi. Biol. 8, 
35-42). Increased numbers of eosinophils and lL-2 receptor positive cells 
were found in the biopsies. No differences in the numbers of total 
leukocytes, T lymphocytes, elastase-positive neutrophils, macrophages or 
mast cell subtypes were obseryed. The number of cells expressing IL-5 
20 and GM-CSF mRNA significantly increased. 

In another patient study, the eosinophil phenotype was the same for 
asthmatic patients and normal individuals. However, eosinophils from 
asthmatic patients had greater leukotriene C4 producing capacity and 
migration capacity. There were elevated levels of IL-3. IL-5 and GM-CSF in 
25 the circulation of asthmatics but not in normal individuals (Bruijnzeel et al., 
1992 Schweiz. Med. Wochenschr. 122,298-301). 

Efficacy of antibody to IL-5 was assessed in a guinea pig asthma 
model. The animals were challenged with ovalbumin and assayed for 
eosinophilia and the responsiveness to the bronchioconstriction substance 

30 P. A 30 mg/kg dose of antibody administered i.p. blocked ovalbumin- 
induced increased sensitivity to substance P and blocked increases in 
bronchoalveolar and lung tissue accumulation of eosinophils (Mauser et 
al-. 1993 Am. Rev. Respir, Pis. 148, 1623-7). In a separate study guinea 
pigs challenged for eight days with ovalbumin were treated with 

35 monoclonal antibody to IL-5. Treatment produced a reduction in the 
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number of eosinophils in bronchoalveolar lavage. No reduction was 
observed for unchallenged guinea pigs and guinea pigs treated with a 
control antibody. Antibody treatment completely inhibited the development 
of hyperreactivity to histamine and arecoline after ovalbumin challenge 
5 (van Oosterhout et a!.. 1993 Am. Rev. Resplr. Pis. 147, 548-52) 

Results obtained from human clinical analysis and animal studies 
indicate the role of activated T helper cells, cytokines and eosinophils in 
asthma. The role of IL-5 in eosinophil development and function makes IL- 
5 a good candidate for target selection. The antibody studies neutralized 
10 IL-5 in the circulation thus preventing eosinophiiia. Inhibition of the 
production of IL-5 will achieve the same goal. 

Asthma - a prominent feature of asthma is the infiltration of 
eosinophils and deposition of toxic eosinophil proteins (e.g. major basic 
protein, eosinophil-derived neurotoxin) in the lung. A number of T-cell- 
1 5 derived factors like IL-5 are responsible for the activation and maintainance 
of eosinophils (Kay. 1991 J. Allerov Cl in. Immun. 87, 893). Inhibition of IL-5 
expression in the lungs can decrease the activation of eosinophils and will 
help alleviate the symptoms of asthma. 

Atopy - is characterized by the developement of type I hypersensitive 
20 reactions associated with exposure to certain environmental antigens. One 
of the common clinical manifestations of atopy is eosinophiiia 
(accumulation of abnomrially high levels of eosinophils in the blood). 
Antibodies against IL-5 have been shown to lower the levels of eosinophils 
in mice (Cook et a!., 1993 in Immunopharmacol, Eosinophils ed. Smith and 
25 Cook, pp. 193-216, Academic, London, UK) 

Parasitic infection-related eosinophiiia- infections with 
parasites like helminths, can lead to severe eosinophiiia (Cook et al., 1993 
sueia). Animal models for eosinophiiia suggest that infection of mice, for 
example, can lead to blood, peritoneal and/or tissue eosinophiiia, all of 
30 which seem to be lowered to varying degrees by antibodies directed 
against IL-5. 

Pulmonary infiltration eosinophiiia- is characterised by 
accumulation of high levels of eosinophils in pulmonary parenchyma 
(Gleich, 1990 J. Allerov Clin. Immunol. 85, 422). 
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L-Tryptophan-associated eosinophilia-myalgia syndrome 
(EMS)- The EMS disease is closely linked to the consumption of L- 
tryptophan, an essential aminoacid used to treat conditions like insomnia 
(for review see Varga et al., 1993 J Invest. Dermatol. 100. 97s). Pathologic 
and histologic studies have demonstrated high levels of eosinophils and 
mononuclear inflammatory cells in patients with EMS. It appears that IL-5 
and transfomiing growth factor play a significant role in the development of 
EMS (Varga et al., 1993 supra ) by activating eosinophils and other 
inflammatory cells. 

Thus, ribozymes of the present invention that cleave IL-5 mRNA and 
thereby IL-5 activity have many potential therapeutic uses, and there are 
reasonable modes of delivering the ribozymes in a number of the possible 
indications. Development of an effective ribozyme that Inhibits IL-5 
function is described above; available cellular and activity assays are 
numerous^ reproducible, and accurate. Animal models for IL-5 function 
and for each of the suggested disease targets exist (Cook et aL, 1993 
susra) and can be used to optimize activity. 

Examole 3: NF-kB 

Ribozymes that cleave rel A mRNA represent a novel therapeutic 
approach to inflammatory or autoimmune disorders. Inflammatory 
mediators such as lipopolysaccharide (LPS), interIeukin-1 (IL-1) or tumor 
necrosis factor-a (TNF-a) act on cells by inducing transcription of a number 
of secondary mediators, including other cytokines and adhesion 
molecules. In many cases, this gene activation is known to be mediated by 
the transcriptional regulator. NF-kB. One subunit of NF-kB. the re/A gene 
product (termed RelA or p65) is implicated specifically in the induction of 
inflammatory responses. Ribozyme therapy, due to its exquisite specificity, 
is particularly well-suited to target intracellular factors that contribute to 
disease pathology. Thus, ribozymes that cleave mRNA encoded by rel A or 
TNF-a may represent novel therapeutics for the treatment of inflammatory 
and autoimmune disorders. 

The nuclear DNA-binding activity. NF-kB. was first identified as a 
factor that binds and activates the immunoglobulin k light chain enhancer 
in B cells. NF-kB now is known to activate transcription of a variety of other 
cellular genes (e.g., cytokines, adhesion proteins, oncogenes and viral 
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proteins) in response to a variety of stimuli (e.g., phorbol esters, mitogens, 
cytokines and oxidative stress). In addition, molecular and biochemical 
characterization of NF-kB has shown that the activity is due to a 
homodimer or heterodimer of a family of DNA binding subunits. Each 
5 subunit bears a stretch of 300 amino acids that is homologous to the 
oncogene, v-re/. The activity first described as NF-kB is a heterodimer of 
p49 or p50 with p65. The p49 and p50 subunits of NF^kB (encoded by the 
nf-KB2 or nf-KB1 genes, respectively) are generated from the precursors 
NF-KB1 (p105) or NF-kB2 (p100). The p65 subunit of NF-kB (now 
1 0 termed Rel A ) is encoded by the rel A locus. 

The roles of each specific transcription-activating complex now are 
being elucidated in cells (N.D. Perkins, et al.. 1992 Proc. Nat! Acad. Set 
USA 89, 1529-1533). For instance, the heterodimer of NF-kB1 and Rel A 
(p50/p65) activates transcription of the promoter for the adhesion molecule, 

15 VCAM-1, while NF-KB2/RelA heterodimers (p49/p65) actually inhibit 
transcription (H.B. Shu. et a!., Mol. Cell. Biol. 13, 6283-6289 (1993)). 
Conversely, heterodimers of NF-KB2/RelA (p49/p65) act with Tat-I to 
activate transcription of the HIV genome, while NF-kB 1 /Re! A (p50/p65) 
heterodimers have little effect (J. Liu. N.D. Perkins. R.M. Schmid. G.J. 

20 Nabel, J. Virol. 1992 66. 3883-3887). Similarly, blocking rel A gene 
expression with antisense oligonucleotides specifically blocks embryonic 
stem cell adhesion; blocking NF-kB1 gene expression with antisense 
oligonucleotides had no effect on cellular adhesion (Narayanan et a!.. 
1993 Mol. Cell. Biol. 13, 3802-3810). Thus, the promiscuous role initially 

25 assigned to NF-kB in transcriptional activation (M J. Lenardo, D. Baltimore. 
1989 Cell 58. 227-229) represents the sum of the activities of the rel family 
of DNA-binding proteins. This conclusion is supported by recent transgenic 
"knock-out" mice of individual members of the re/ family. Such "knock- 
outs'* show few developmental defects, suggesting that essential 

30 transcriptional activation functions can be performed by more than one 
member of the rel family. 

A number of specific inhibitors of NF-kB function in cells exist, 
including treatment with phosphorothioate antisense oliogonucleotide, 
treatment with double-stranded NF-kB binding sites, and over expression 
35 of the natural inhibitor MAD-3 (an IkB family member). These agents have 
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been used to show that NF-kB is required for induction of a number of 
molecules involved in inflammation, as described below. 

•NF-kB is required for phorbol ester-mediated induction of iL-6 (I. 
Kitajima, et al., Science 258. 1792-5 (1992)) and IL-8 (Kunsch and Rosen, 
5 1993 Mol. Cell. Biol . 13, 6137-4fi) 

•NF-kB is required for induction of the adhesion molecules ICAM-1 
(Eck, et al., 1993 Mpj. Cell. Bio|. 13, 6530-6536), VCAM-I (Shu et al., 
supra), and E-selectin (Read, et al., 1994 J. Exp. Med 179, 503-512) on 
endothelial cells. 

0 'NF-kB is involved in the induction of the integrin subunit. GDI 8, and 

other adhesive properties of leukocytes (Eck et al., 1993 supra). 

The above studies suggest that NF-kB is integrally involved in the 
induction of cytokines and adhesion molecules by inflammatory mediators. 
Two recent papers point to another connection between NF-kB and 

5 inflammation: glucocorticoids may exert their anti-inflammatory effects by 
inhibiting NF-kB. The glucocorticoid receptor and p65 both act at NF-kB 
binding sites in the ICAM-1 promoter (van de Stoipe, et al., 1994 j. Biol. 
QhgjiL 269, 6185-6192). Glucocorticoid receptor inhibits NF-KB-mediated 
induction of IL-6 (Ray and Prefontaine. 1994 Proc. Natl Acad. Sri t >.<:^a 91, 

0 752-756). Conversely, overexpression of p65 inhibits glucocorticoid 
induction of the mouse mammary tumor virus promoter. Finally, protein 
cross-linking and co-immunoprecipitation experiments demonstrated direct 
physical interaction between p65 and the glucocorticoid receptor {Id.). 

Ribozymes of this invention block to some extent NF-kB expression 
3 and can be used to treat disease or diagnose such disease. Ribozymes 
will be delivered to cells in culture and to cells or tissues in animal models 
of restenosis, transplant rejection and rheumatoid arthritis. Ribozyme 
cleavage of relA mRNA in these systems may prevent inflammatory cell 
function and alleviate disease symptoms. 

) The sequence of human and mouse re/A mRNA can be screened for 

accessible sites using a computer folding algorithm. Potential 
hammerhead or hairpin ribozyme cleavage sites were identified. These 
sites are shown in Tables 17, 18 and 21-22. (All sequences are 5' to 3' in 
the tables.) While mouse and human sequences can be screened and 
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ribozymes thereafter designed, the human targetted sequences are of most 
utility. 

The sequences of the chemically synthesized ribozymes useful in this 
study are shown in Tables 19-22. Those in the art will recognize that 
5 these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity and may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tables. 

1 0 By engineering ribozyme motifs we have designed several ribozymes 

directed against re/ A mRNA sequences. These ribozymes are synthesized 
with modifications that improve their nuclease resistance. The ability of 
ribozymes to cleave re/A target sequences in vitro is evaluated. 

The ribozymes will be tested for function in vivo by analyzing cytokine- 
15 induced VCAM-1, ICAM-1. IL-6 and IL-8 expression levels. Ribozymes will 
be delivered to cells by incorporation into liposomes, by complexing with 
cationic lipids, by microinjection, or by expression from DNA and RNA 
vectors. Cytokine-induced VCAM-1. ICAM-1. IL-6 and IL-8 expression will 
be monitored by ELISA, by indirect immunofluoresence, and/or by FACS 
20 analysis. Ret A mRNA levels will be assessed by Northern analysis. 
RNAse protection or primer extension analysis or quantitative RT-PCR. 
Activity of NF-kB will be monitored by gel-retardation assays. Ribozymes 
that block the induction of NF-kB activity and/or refA mRNA by more than 
50% will be identified. 

25 RNA ribozymes and/or genes encoding them will be locally delivered 

to transplant tissue ex vivo In animal models. Expression of the ribozyme 
will be monitored by its ability to block ex vivo induction of VCAM-1. ICAM- 
1. IL-6 and !L-8 mRNA and protein. The effect of the anti-re/ yA ribozymes 
on graft rejection will then be assessed. Similarly, ribozymes will be 

30 introduced into joints of mice with collagen-induced arthritis or rabbits with 
Streptococcal cell wall-induced arthritis. Liposome delivery, cationic lipid 
delivery, or adeno-associated virus vector delivery can be used. One dose 
(or a few infrequent doses) of a stable anti-reM ribozyme or a gene 
construct that constitutively expresses the ribozyme may abrogate 

35 inflammatory and immune responses in these diseases. 
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Uses 

A therapeutic agent that inhibits cytokine gene expression, inhibits 
adhesion molecule expression, and mimics the anti-inflammatory effects of 
glucocorticoids (without inducing steroid-responsive genes) is ideal for the 
treatment of inflammatory and autoimmune disorders. Disease targets for 
such a drug are numerous. Target indications and the delivery options 
each entails are summarized below. In all cases, because of the potential 
immunosuppressive properties of a ribozyme that cleaves rel A mRNA, 
uses are limited to local delivery, acute indications, or ex vivo treatment. 

•Rheumatoid arthritis (RA). 

Due to the chronic nature of RA, a gene therapy approach is logical. 
Delivery of a ribozyme to inflamed joints is mediated by adenovirus, 
retrovirus, or adeno-associated virus vectors. For instance, the appropriate 
adenovirus vector can be administered by direct injection into the 
synovium: high efficiency of gene transfer and expression for several 
months would be expected (BJ. Roessler. E,D. Allen, J.M. Wilson, J.W. 
Hartman, B. L. Davidson, J. Clin. Invest. 92, 1085-1092 (1993)). It is 
unlikely that the course of the disease could be reversed by the transient, 
local administration of an anti-inflammatory agent. Multiple 
administrations may be necessary. Retrovirus and adeno-associated virus 
vectors would lead to permanent gene transfer and expression in the joint. 
However, permanent expression of a potent anti-inflammatory agent may 
lead to local immune deficiency. 

•Restenosis. 

Expression of NF-kB in the vessel wall of pigs causes a narrowing of 
the luminal space due to excessive deposition of extracellular matrix 
components. This phenotype is similar to matrix deposition that occurs 
subsequent to coronary angioplasty. In addition, NF-kB is required for the 
expression of the oncogene c-myb (F.A. La Rosa, J.W. Pierce, G.E. 
Soneneshein, Mol. Cell. Biol. 14, 1039-44 (1994)). Thus NF-kB induces 
smooth muscle proliferation and the expression of excess matrix 
components: both processes are thought to contribute to reocclusion of 
vessels after coronary angioplasty. 

•Transplantation. 
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NF-kB is required for the induction of adhesion molecules (Eck et a!., 
supra, K. O'Brien, et al., J. Clin. Invest. 92. 945-951 (1993)) that function In 
imnnune recognition and inflammatory responses. At least two potential 
modes of treatment are possible. In the first, transplanted organs are 
5 treated ex vivo with ribozymes or ribozyme expression vectors. Transient 
inhibition of NF-kB in the transplanted endothelium may be sufficient to 
prevent transplant-associated vasculitis and may significantly modulate 
graft rejection. In the second, donor B cells are treated ex vivo with 
ribozymes or ribozyme expression vectors. Recipients would receive the 
1 0 treatment prior to transplant. Treatment of a recipient with B cells that do 
not express T cell co-stimulatory molecules (such as ICAM-1. VCAM-1. 
and/or B7 an B7-2) can induce antigen-specific anergy. Tolerance to the 
donor's histocompatibility antigens could result; potentially, any donor 
could be used for any transplantation procedure. 

1 5 'Asthma. 

Granulocyte macrophage colony stimulating factor (GM-CSF) is 
thought to play a major role in recruitment of eosinophils and other 
inflammatory cells during the late phase reaction to asthmatic trauma. 
Again, blocking the local induction of GM-CSF and other inflammatory 
20 mediators is likely to reduce the persistent inflammation observed in 
chronic asthmatics. Aerosol delivery of ribozymes or adenovirus ribozyme 
expression vectors is a feasible treatment. 

•Gene Therapy. 

Immune responses, limit the efficacy of many gene transfer 
25 techniques. Cells transfected with retrovirus vectors have short lifetimes in 
immune competent individuals. The length of expression of adenovirus 
vectors in terminally differentiated cells is longer in neonatal or immune- 
compromised animals. Insertion of a small ribozyme expression cassette 
that modulates inflammatory and immune responses into existing 
30 adenovirus or retrovirus constructs will greatly enhance their potential. 

Thus, ribozymes of the present invention that cleave rel A mRNA and 
thereby NF-kB activity have many potential therapeutic uses, and there are 
reasonable modes of delivering the ribozymes in a number of the possible 
indications. Development of an effective ribozyme that inhibits NF-kB 
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function is described above; available cellular and activity assays are 
number, reproducible, and accurate. Animal models for NF-kB function 
(Kitajima, et al., supra) and for each of the suggested disease targets exist 
and can be used to optimize activity. 

Example 4: TNF-a 

Ribozymes that cleave the specific cites in TNF-a mRNA represent a 
novel therapeutic approach to inflammatory or autoimmune disorders. 

Tumor necrosis factor-a (TNF-a) is a protein, secreted by activated 
leukocytes, that is a potent mediator of inflammatory reactions. Injection of 
TNF-a into experimental animals can simulate the symptoms of systemic 
and local inflammatory diseases such as septic shock or rheumatoid 
arthritis. 

TNF-a was initially described as a factor secreted by activated 
macrophages which mediates the destruction of solid tumors in mice (Old, 
1985 Science 230. 4225-4231). TNF-a subsequently was found to be 
identical to cachectin, an agent responsible for the weight loss and wasting 
syndrome associated with tumors and chronic infections (Beutler, et a!.. 
1985 Nature 316. 552-554). The cDNA and the genomic locus for TNF-a 
have been cloned and found to be related to TNF-B (Shakhov et aL. 1990 
J. Exp. Med. 171.35-47). Both TNF-a and TNF-3 bind to the same 
receptors and have nearly identical biological activities. The two TNF 
receptors have been found on most cell types examined (Smith, et al., 
1990 Science 248, 1019-1023). TNF-a secretion has been detected from 
monocytes/macrophages. CD4+ and CD8+ T-cells, B-cells, lymphokine 
activated killer ceils, neutrophils, astrocytes, endothelial cells, smooth 
muscle cells, as well as various non-hematopoietic tumor cell lines ( for a 
review see Turestskaya et al., 1991 in Tumor Nenrosis Fartnr: Structure . 
Function, and Mechanism of Action B. B. Agganval, J. Vilcek, Eds. Marcel 
Dekker. Inc., pp. 35-60). TNF-a is regulated transcriptionally and 
translationally, and requires proteolytic processing at the plasma 
membrane in order to be secreted (Kriegler et aL, 1988 Cell 53, 45-53). 
Once secreted, the serum half life of TNF-a is approximately 30 minutes. 
The tight regulation of TNF-a is important due to the extreme toxicity of this 
cytokine. Increasing evidence indicates that overproduction of TNF-a 
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during infections can lead to severe systemic toxicity and deatli (Tracey & 
Cerami, 1992 Am. J. Trop. Med. Hyo. 47, 2-7). 

Antisense RNA and Hammerhead ribozymes have been used in an 
attempt to lower the expression level of TNF-a by targeting specified 
cleavage sites [Sioud et al., 1992 J. Mol. BInl 223; 831; Sioud WO 
94/10301; Kisich and co-workers, 1990 abstract (FASEB J. 4, A1860; 1991 
slide presentation (J. Leukocyte RinI sup. 2, 70); December, 1992 poster 
presentation at Anti-HIV Therapeutics Conference in SanDiego, CA; and 
"Development of anti-TNF-a ribozymes for the control of TNF-a gene 
expression"- Kisich, Doctoral Dissertation. 1993 University of California, 
Davis] listing various TNFa targeted ribozymes. 

Ribozymes of this invention block to some extent TNF-a expression 
and can be used to treat disease or diagnose such disease. Ribozymes 
will be delivered to cells in culture and to cells or tissues in animal models 
of septic shock and rheumatoid arthritis. Ribozyme cleavage of TNF-a 
mRNA in these systems may prevent inflammatory cell function and 
alleviate disease symptoms. 

The sequence of human and mouse TNF-a mRNA can be screened 
for accessible sites using a computer folding algorithm. Hammerhead or 
hairpin ribozyme cleavage sites were identified. These sites are shown in 
Tables 23, 25, and 27 - 28. (All sequences are 5' to 3' in the tables.) While 
mouse and human sequences can be screened and ribozymes thereafter 
designed, the human targeted sequences are of most utility. However, 
mouse targeted ribozymes are useful to test efficacy of action of the 
ribozyme prior to testing in humans. The nucleotide base position is noted 
in the Tables as that site to be cleaved by the designated type of ribozyme. 
(In Table 24, lower case letters indicate positions that are not conserved 
between the human and the mouse TNF-a sequences.) 

The sequences of the chemically synthesized ribozymes useful in this 
study are shown in Tables 24. 26 - 28. Those in the art will recognize that 
these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity. For example, stem-loop II sequence of 
hammertiead ribozymes listed in Tables 24 and 26 (5'-GGCCGAAAGGCC- 
3') can be altered (substitution, deletion, and/or insertion) to contain any 
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sequences provided a minimum of two base-paired stem structure can 
form. Similarly, stem-loop IV sequence of hairpin ribozymes listed in 
Tables 27 and 28 (5'-CACGUUGUG-3') can be altered (substitution, 
deletion, and/or insertion) to contain any sequence, provided a minimum of 
two base-paired stem structure can form. The sequences listed in Tables 
24, 26 - 28 may be formed of ribonucleotides or other nucleotides or non- 
nucleotides. Such ribozymes are equivalent to the ribozymes described 
specifically in the Tables or AAV . 

In a preferred embodiment of the invention, a transcription unit 
expressing a ribozyme that cleaves TNF-a RNA is inserted into a plasmid 
DNA vector or an adenovirus DNA viral vector or AAV or alpha virus or 
retroviris vectors. Viral vectors have been used to transfer genes to the 
intact vasculature or to joints of live animals (Willard et al., 1992 
Circulation, 86, 1-473.; Nabel et al., 1990 Science . 249, 1285-1288) and 
both vectors lead to transient gene expression. The adenovirus vector is 
delivered as recombinant adenoviral particles. DNA may be delivered 
alone or complexed with vehicles (as described for RNA above). The DNA, 
DNA/vehicIe complexes, or the recombinant adenovirus particles are 
locally administered to the site of treatment, e.g., through the use of an 
injection catheter, stent or infusion pump or are directly added to cells or 
tissues ex vivo. 

In another preferred embodiment of the invention, a transcription unit 
expressing a ribozyme that cleaves TNF-oc rna is inserted into a retrovirus 
vector for sustained expression of ribozyme(s). 

By engineering ribozyme motifs we have designed several ribozymes 
directed against TNF-a mRNA sequences. These ribozymes are 
synthesized with modifications that improve their nuclease resistance. The 
ability of ribozymes to cleave TNF-a target sequences in vitro is evaluated. 

The ribozymes will be tested for function in cells by analyzing 
bacterial lipopoiysaccharide (LPS)-induced TNF-a expression levels. 
Ribozymes will be delivered to cells by incorporation into liposomes, by 
complexing with cationic lipids, by microinjection, or by expression from 
DNA vectors. TNF-a expression will be monitored by ELISA, by indirect 
immunofluoresence, and/or by FACS analysis. TNF-a mRNA levels will be 
assessed by Northern analysis, RNAse protection, primer extension 
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analysis or quantitative RT-PCR. Ribozymes that block the induction of 
TNF-a activity and/or TNF-a mRNA by more than 90% will be identified. 

RNA ribozymes and/or genes encoding them will be locally delivered 
to macrophages by intraperitoneal injection. After a period of ribozyme 
uptake, the peritoneal macrophages are harvested and induced ex vivo 
with LPS. The ribozymes that significantly reduce TNF-a secretion are 
selected. The TNF-a can also be induced after ribozyme treatment with 
fixed Streptococcus in the peritoneal cavity instead of ex vivo. In this 
fashion the ability of TNF-a ribozymes to block TNF-a secretion in a 
localized inflammatory response are evaluated. In addition, we will 
determine if the ribozymes can block an ongoing inflammatory response by 
delivering the TNF-a ribozymes after induction by the injection of fixed 
Streptococcus, 

To examine the effect of anti-TNF-a ribozymes on systemic 
inflammation, the ribozymes are delivered by intravenous injection. The 
ability of the ribozymes to inhibit TNF-a secretion and lethal shock caused 
by systemic LPS administration are assessed. Similariy. TNF-a ribozymes 
can be introduced into the joints of mice with collagen-induced arthritis. 
Either free delivery, liposome delivery, cationic lipid delivery, adeno- 
associated virus vector delivery, adenovirus vector delivery, retrovirus 
vector delivery or plasmid vector delivery in these animal model 
experiments can be used to supply ribozymes. One dose (or a few 
infrequent doses) of a stable anti-TNF-a ribozyme or a gene construct that 
constitutively expresses the ribozyme may abrogate tissue damage in 
these inflammatory diseases. 

Macrophage isolation. 

To produce responsive macrophages 1 ml of sterile fluid thioglycoilate 
broth (Difco. Detroit. Ml.) was injected i.p. into 6 week old female 
C57bl/6NCR mice 3 days before peritoneal lavage. Mice were maintained 
as specific pathogen free in autoclaved cages in a laminar flow hood and 
given sterilized water to minimize "spontaneous" activation of 
macrophages. The resulting peritoneal exudate cells (PEC) were obtained 
by lavage using Hanks balanced salt solution (HBSS) and were plated at 
2.5X1 05/well in 96 well plates (Costar, Cambridge, MA.) with Eagles 
minimal essential medium (EMEM) containing 10% heat inactivated fetal 
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10 



15 



20 



25 



bovine semm. After adhering for 2 hours the wells were washed to remove 
non-adherent cells. The resulting cultures were 97% macrophages as 
determined by morphology and staining for non-specific esterase. 

Transfection of ribozymes into macrophages: 

The ribozymes were diluted to 2X final concentration, mixed with an 
equal volume of 11nM lipofectamine (Life Technologies, Gaithersburg, 
MD.), and vortexed. 100 ml of lipidrribozyme complex was then added 
directly to the cells, followed immediately by 10 ml fetal bovine serum. 
Three hours after ribozyme addition 100 ml of 1 mg/ml bacteria! 
lipopolysaccaride (LPS) was added to each well to stimulate TNF 
production. 

Quantitation of TNF-a in mouse macrophages: 

Supernatants were sampled at 0. 2, 4, 8, and 24 hours post LPS 
stimulation and stored at -70OC. Quantitation of TNF-a was done by a 
specific ELISA. ELISA plates were coated with rabbit anti-mouse TNF-a 
serum at 1:1000 dilution (Genzyme) followed by blocking with milk proteins 
and incubation with TNF-a containing supernatants. TNF-a was then 
detected using a murine TNF-a specific hamster monoclonal antibody 
(Genzyme). The ELISA was developed with goat anti-hamster IgG coupled 
to alkaline phosphatase. 

Assessment of reagent toxicity: 

Following ribozyme/lipid treatment of macrophages and harvesting of 
supematants viability of the cells was assessed by incubation of the cells 
with 5 mg/ml of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium 
bromide (MTT). This compound is reduced by the mitochondrial 
dihydrogenases, the activity of which correlates well with cell viability. After 
12 hours the absorbance of reduced MTT is measured at 585 nm. 



The association between TNF-a and bacterial sepsis, rheumatoid 
arthritis, and autoimmune disease make TNF-a an attractive target for 
therapeutic intervention [Tracy & Cerami 1992 supra : Williams et al., 1992 
Proc. Natl. Acad. $ci. USA 89, 9784-9788; Jacob. 1992 J. AutQimmnn 5 
(Supp. A), 133-143]. 



Uses 
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Septic Shock 

Septic shock is a complication of major surgery, bacterial infection, 
and polytrauma characterized by high fever, increased cardiac output, 
reduced blood pressure and a neutrophilic infiltrate into the lungs and 
5 other major organs. Current treatment options are limited to antibiotics to 
reduce the bacterial load and non-steroidal anti-inflammatories to reduce 
fever. Despite these treatments in the best intensive care settings, mortality 
from septic shock averages 50%, due primarily to multiple organ failure 
and disseminated vascular coagulation. Septic shock, with an incidence of 

1 0 200,000 cases per year in the United States, is the major cause of death in 
intensive care units. In septic shock syndrome, tissue injury or bacterial 
products initiate massive immune activation, resulting in the secretion of 
pro-inflammatory cytokines which are not normally detected in the serum, 
such as TNF-a, interleukin-IB (IL-1B), rinterferon (IFN-y), interleukin-6 (IL- 

15 6), and interieukin-8 (IL-8). Other non-cytokine mediators such as 
leukotriene b4, prostaglandin E2, C3a and C3d also reach high levels (de 
Boer et al., 1992 I mmunophamriacQinny P4 135-148). 

TNF-a is detected early in the course of septic shock in a large fraction 
of patients (de Boer et al.. 1992 supra). In animal models, injection of TNF- 

20 a has been shown to induce shock-like symptoms similar to those induced 
by LPS injection (Beutler et al.. 1985 Science 229, 869-871); in contrast, 
injection of IL-113, IL-6, or IL-8 does not induce shock. Injection of TNF-oi 
also causes an elevation of IL-113. IL-6. IL-8. PgEz, acute phase proteins, 
and TxA2 in the serum of experimental animals (de Boer et al., 1992 

25 suera). In animal models the lethal effects of LPS can be blocked by pre- 
administration of anti-TNF-a antibodies. The cumulative evidence indicates 
that TNF-a is a key player in the pathogenesis of septic shock, and 
therefore a good candidate for therapeutic intervention. 



30 



Rheumatoid Arthritis 



Rheumatoid arthritis (RA) is an autoimmune disease characterized by 
chronic inflammation of the joints leading to bone destruction and loss of 
joint function. At the cellular level, autoreactive T- lymphocytes and 
monocytes are typically present, and the synoviocytes often have altered 
morphology and Immunostaining patterns. RA joints have been shown to 
35 contain elevated levels of TNF-a, IL-1a and IL-1B, IL-6, GM-CSF, and TGF- 
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8 (Abney et al.. 1991 Imm. Rev. 119, 105-123), some or all of which may 
contribute to the pathological course of the disease. 

Cells cultured from RA joints spontaneously secrete all of the pro- 
inflammatory cytokines detected in vivo. Addition of antisera against TNF-a 
5 to these cultures has been shown to reduce IL-lot/B production by these 
cells to undetectable levels (Abney et al.. 1991 Supra ). Thus, TNF-a may 
directly Induce the production of other cytokines in the RA joint. Addition of 
the anti-inflammatory cytokine, TGF-B, has no effect on cytokine secretion 
by RA cultures. Immunocytochemical studies of human RA surgical 

10 specimens clearly demonstrate the production of TNF-a, IL-1a/B, and IL-6 
from macrophages near the cartilage/pannus junction when the pannus in 
invading and overgrowing the cartilage (Chu et al., 1992 Br. J. 
Rheumatology 31, 653-661). GM-CSF was shown to be produced mainly 
by vascular endothelium in these samples. Both TNF-a and TGF-Q have 

15 been shown to be fibroblast growth factors, and may contribute to the 
accumulation of scar tissue in the RA joint. TNF-a has also been shown to 
increase osteoclast activity and bone resorbtion, and may have a role in 
the bone erosion commonly found in the RA joint (Cooper et al., 1992 Clin. 
Exp. Immunol. 89, 244-250). 

20 Elimination of TNF-a from the rheumatic joint would be predicted to 

reduce overall inflammation by reducing induction of MHC class II, IL-1a/3, 
11-6, and GM-CSF, and reducing T-cell activation. Osteoclast activity might 
also fall, reducing the rate of bone erosion at the joint. Finally, elimination 
of TNF-a would be expected to reduce accumulation of scar tissue within 

25 the joint by removal of a fibroblast growth factor. 

Treatment with an anti-TNF-a antibody reduces joint swelling and the 
histological severity of collagen-induced arthritis in mice (Williams et al . 
1992 Proc. Natl, AP^id. Sci. USA 89. 9784-9788). In addition, a study of RA 
patients who have received i.v. infusions of anti-TNF-a monoclonal 
30 antibody reports a reduction in the number and severity of inflamed joints 
after treatment. The benefit of monoclonal antibody treatment in the long 
term may be limited by the expense and immunogenicity of the antibody. 

Psoriasis 



35 



Psoriasis is an inflammatory disorder of the skin characterized by 
keratinocyte hyperproliferation and immune cell infiltrate (Kupper. 1990 J. 
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Clin. Invest. 86, 1783-1789). it is a fairly common condition, affecting 1.5- 
2.0% of the population. The disorder ranges in severity from mild, with 
small flaky patches of skin, to severe, involving inflammation of the entire 
epidermis. The cellular infiltrate of psoriasis includes T-lymphocytes, 
5 neutrophils, macrophages, and dermal dendrocytes. The majority of T- 
lymphocytes are activated CD4+ cells of the T^-l phenotype, although 
some CD8+ and CD4-/CD8- are also present. B lymphocytes are typically 
not found in abundance in psoriatic plaques. 

Numerous hypotheses have been offered as to the proximal cause of 
10 psoriasis including auto-antibodies and auto-reactive T-cells, 
overproduction of growth factors, and genetic predisposition. Although 
there is evidence to support the involvement of each of these factors in 
psoriasis, they are neither mutually exclusive nor are any of them 
necessary and sufficient for the pathogenesis of psoriasis (Reeves, 1991 
15 Semin. Demrtatol. 10. 217). 

The role of cytokines in the pathogenesis of psoriasis has been 
investigated. Among those cytokines found to be abnormally expressed 
were TGF-a , IL-1a. IL-IB. IL-Ira, IL-6, IL-8, IFN-y, and TNF-a . In addition 
to abnormal cytokine production, elevated expression of ICAM-1, ELAM-1, 

20 and VCAM has been obsen/ed (Reeves, 1991 supra) . This cytokine profile 
is similar to that of nomial wound healing, with the notable exception that 
cytokine levels subside upon healing. Keratinocytes themselves have 
recently been shown to be capable of secreting EGF. TGF-a, !L-6. and 
TNF-a, which could increase proliferation in an autocrine fashion (Oxholm 

25 et al., 1991 APMIS 99, 58-64). 

Nickoloff et a!., 1993 U Dermatol Sni. 6. 127-33) have proposed the 
following model for the initiation and maintenance of the psoriatic plaque: 

Tissue damage induces the wound healing response in the skin. 
Keratinocytes secrete !L-1a, IL-13, IL-6, IL-8. TNF-a. These factors 
30 activate the endothelium of dermal capillaries, recruiting PMNs, 
macrophages, and T-ceils into the wound site. 

Dermal dendrocytes near the dermal/epidermal junction remain 
activated when they should return to a quiescent state, and subsequently 
secrete cytokines including TNF-a, IL-6, and IL-8. Cytokine expression, in 
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turn, maintains the activated state of the endotheliunn, allowing 
extravasation of additional immunocytes, and the activated state of the 
keratinocytes which secrete TGF-a and IL-8. Keratinocyte IL-8 recruits 
innmunocytes fronn the dermis into the epidermis. During passage through 
5 the dermis, T-cells encounter the activated dermal dendrocytes which 
efficiently activate the T|_|-1 phenotype. The activated T-cells continue to 
migrate into the epidermis, where they are stimulated by keratinocyte- 
expressed ICAM-1 and MHC class II. IFN-y secreted by the T-cells 
synergizes with the TNF-a from dermal dendrocytes to increase 
1 0 keratinocyte proliferation and the levels of TGF-a, IL-8, and IL-6 production. 
IFN-y also feeds back to the dermal dendrocyte, maintaining the activated 
phenotype and the inflammatory cycle. 

Elevated serum titres of IL-6 increases synthesis of acute phase 
proteins including complement factors by the liver, and antibody production 
1 5 by plasma cells. Increased complement and antibody levels increases the 
probability of autoimmune reactions. 

Maintenance of the psoriatic plaque requires continued expression of 
all of these processes, but attractive points of therapeutic intervention are 
TNF-a expression by the dermal dendrocyte to maintain activated 
20 endothelium and keratinocytes, and IFN-y expression by T-celis to maintain 
activated dermal dendrocytes. 

There are 3 million patients in the United States afflicted with 
psoriasis. The available treatments for psoriasis are corticosteroids. The 
most widely prescribed are TEMOVATE (clobetasol propionate), LIDEX 

25 (fluocinonide), DIPROLENE (betamethasone propionate), PSORCON 
(diflorasone diacetate) and TRIAMCINOLONE formulated for topical 
application. The mechanism of action of corticosteroids is multifactorial. 
This is a palliative therapy because the underlying cause of the disease 
remains, and upon discontinuation of the treatment the disease returns. 

30 Discontinuation of treatment is often prompted by the appearance of 
adverse effects such as atrophy, telangiectasias and purpura. 
Corticosteroids are not recommended for prolonged treatments or when 
treatment of large and/or inflamed areas is required. Alternative treatments 
include retinoids, such as etretinate, which has been approved for 

35 treatment of severe, refractory psoriasis. Alternative retinoid-based 
treatments are in advanced clinical trials. Retinoids act by converting 
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keratinocytes to a differentiated state and restoration of normal skin 
development. Immunosuppressive drugs such as cyclosporine are also in 
the advanced stages of clinical trials. Due to the nonspecific mechanism of 
action of corticosteroids, retinoids and immunosuppressives, these 
5 treatments exhibit severe side effects and should not be used for extended 
periods of time unless the condition is life-threatening or disabling. There 
is a need for a less toxic, effective therapeutic agent in psoriatic patients, 

HIV and AIDS 

The human immunodeficiency virus (HIV) causes several 
10 fundamental changes in the human immune system from the time of 
infection until the development of full-blown acquired immunodeficiency 
syndrome (AIDS). These changes include a shift in the ratio of CD4+ to 
CD8+ T-cells, sustained elevation of IL-4 levels, episodic elevation of TNF- 
a and TNF-R levels, hypergammaglobulinemia, and lymphoma/leukemia 
15 (Rosenberg & Fauci, 1990 Immun. Today 11. 176; Weiss 1993 Science 
260, 1273). Many patients experience a unique tumor, Kaposi's sarcoma 
and/or unusual opportunistic infections (e.g. Pneumocystis carinii, 
cytomegalovirus, herpesviruses, hepatitis viruses, papilloma viruses, and 
tuberculosis). The immunological dysfunction of individuals with AIDS 
20 suggests that some of the pathology may be due to cytokine dysregulation. 

Levels of serum TNF-a and IL-6 are often found to be elevated in 
AIDS patients (Weiss, 1993 supra). In tissue culture, HIV infection of 
monocytes isolated from healthy individuals stimulates secretion of both 
TNF-a and IL-6, This response has been reproduced using purified gp120. 

25 the viral coat protein responsible for binding to CD-4 (Buonaguro et al., 
1992 J. Virol. 66, 7159). It has also been demonstrated that the viral gene 
regulator. Tat, can directly induce TNF transcription. The ability of HIV to 
directly stimulate secretion of TNF-a and IL-6 may be an adaptive 
mechanism of the virus. TNF-a has been shown to upregulate transcription 

30 of the LTR of HIV, increasing the number of HIV-specific transcripts in 
infected cells. IL-6 enhances HIV production, but at a post-transcriptional 
level, apparently increasing the efficiency with which HIV transcripts are 
translated into protein. Thus, stimulation of TNF-a secretion by the HIV 
virus may promote infection of neighboring CD4+ cells both by enhancing 

35 virus production from latently infected cells and by driving replication of the 
virus in newly infected cells. 
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The role of TNF-a in HIV replication has been well established in 
tissue culture models of infection (Sher et a!.. 1992 Immun. Rev. 127, 183), 
suggesting that the mutual induction of HIV replication and TNF-a 
replication may create positive feedback in vivo. However, evidence for the 
presence of such positive feedback in infected patients is not abundant. 
TNF-a levels are found to be elevated in some, but not all patients tested. 
Children with AIDS who were given zidovudine had reduced levels of TNF- 
a compared to those not given zidovudine (Cremoni et al., 1993 AIDS 7, 
128). This correlation lends support to the hypothesis that reduced viral 
replication is physiologically linked to TNF-a levels. Furthermore, recently 
it has been shown that the polyclonal B cell activation associated with HIV 
infection is due to membrane-bound TNF-a. Thus, levels of secreted TNF-a 
may not accurately reflect the contribution of this cytokine to AIDS 
pathogenesis. 

Chronic elevation of TNF-a has been shown to shown to result in 
cachexia (Tracey et a!., 1992 Am. J. Trop. Med. Hvg 47. 2-7). increased 
autoimmune disease (Jacob, 1992 sufira), lethargy, and immune 
suppression in animal models (Aderka et al.. 1992 Isr. J. Med. 5^ni PR, 126- 
130). The cachexia associated with AIDS may be associated with 
chronically elevated TNF-a frequently observed in AIDS patients. 
Similarly, TNF-a can stimulate the proliferation of spindle cells isolated 
from Kaposi's sarcoma lesions of AIDS patients (Barillari et al., 1992 J 
Immunol 149, 3727). 

A therapeutic agent that inhibits cytokine gene expression, inhibits 
adhesion molecule expression, and mimics the anti-inflammatory effects of 
glucocorticoids (without inducing steroid-responsive genes) is ideal for the 
treatment of inflammatory and autoimmune disorders. Disease targets for 
such a drug are numerous. Target indications and the delivery options 
each entails are summarized below. In all cases, because of the potential 
immunosuppressive properties of a ribozyme that cleaves the specified 
sites in TNF-a mRNA, uses are limited to local delivery, acute indications, 
or ex vivo treatment. 



Septic shock. 
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Exogenous delivery of ribozymes to macrophages can be achieved 
by intraperitoneal or intravenous injections. Ribozymes will be delivered 
by incorporation into liposomes or by complexing with cationic lipids. 

•Rheumatoid arthritis (RA). 

5 Due to the chronic nature of RA. a gene therapy approach is logical. 

Delivery of a ribozyme to inflamed joints is mediated by adenovirus, 
retrovirus, or adeno-associated virus vectors. For instance, the appropriate 
adenovirus vector can be administered by direct injection into the 
synovium: high efficiency of gene transfer and expression for several 

10 months would be expected (B.J. Roessler. E.D. Allen. J.M. Wilson, J.W. 
Hartman. B. L Davidson. J. Clin. Invest. 92, 1085-1092 (1993)). It is 
unlikely that the course of the disease could be reversed by the transient, 
local administration of an anti-inflammatory agent. Multiple 
administrations may be necessary. Retrovirus and adeno-associated virus 

1 5 vectors would lead to permanent gene transfer and expression in the joint. 
However, permanent expression of a potent anti-inflammatory agent may 
lead to local immune deficiency. 



The psoriatic plaque is a particulariy good candidate for ribozyme or 
20 vector delivery. The stratum corneum of the plaque is thinned, providing 
access to the proliferating keratinocytes. T-cells and dermal dendrocytes 
can be efficiently targeted by trans-epidermal diffusion . 

Organ culture systems for biopsy specimens of psoriatic and normal 
skin are described in current literature (Nickoloff et ah, 1993 Supra ). 
25 Primary human keratinocytes are easily obtained and will be grown into 
epidermal sheets in tissue culture. In addition to these tissue culture 
models, the flaky skin mouse develops psoriatic skin in response to UV 
light. This model would allow demonstration of animal efficacy for 
ribozyme treatments of psoriasis. 

30 •Gene Therapy. 

Immune responses limit the efficacy of many gene transfer 
techniques. Cells transfected with retrovirus vectors have short lifetimes in 
immune competent individuals. The length of expression of adenovirus 



♦Psoriasis 
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vectors in terminally differentiated cells is longer in neonatal or immune- 
compromised animals. Insertion of a small ribozyme expression cassette 
that modulates inflammatory and immune responses into existing 
adenovirus or retrovirus constructs will greatly enhance their potential. 

5 Thus, ribozymes of the present invention that cleave TNF-a mRNA 

and thereby TNF-a activity have many potential therapeutic uses, and 
there are reasonable modes of delivering the ribozymes in a number of the 
possible indications. Development of an effective ribozyme that inhibits 
TNF-a function is described above; available cellular and activity assays 
1 0 are number, reproducible, and accurate. Animal models for TNF-a function 
and for each of the suggested disease targets exist and can be used to 
optimize activity. 

Examples: D210 bcr-abl 

Chronic myelogenous leukemia exhibits a characteristic disease 
15 course, presenting initially as a chronic granulocytic hyperplasia, and 
invariably evolving into an acute leukemia which is caused by the clonal 
expansion of a cell with a less differentiated phenotype {Le,. the blast crisis 
stage of the disease). CML is an unstable disease which ultimately 
progresses to a terminal stage which resembles acute leukemia. This 
20 lethal disease affects approximately 16,000 patients a year. 
Chemotherapeutic agents such as hydroxyurea or busulfan can reduce the 
leukemic burden but do not Impact the life expectancy of the patient (e.g. 
approximately 4 years). Consequently, CML patients are candidates for 
bone marrow transplantation (BMT) therapy. However, for those patients 
25 which survive BMT, disease recurrence remains a major obstacle 
{Apperley et al., 1988 Br. J. Haematol. 69. 239). 

The Philadelphia (Ph) chromosome which results from the 
translocation of the abl oncogene from chromosome 9 to the bcr gene on 
chromosome 22 Is found in greater than 95% of CML patients and in 10- 

30 25% of all cases of acute lymphoblastic leukemia [(ALL); Fourth 
International Workshop on Chromosomes in Leukemia 1982, Cancer 
Genet. Cytoqenet. 11, 316]. In virtually all Ph-positive CMLs and 
approximately 50% of the Ph-positive ALLs, the leukemic cells express bcr- 
abl fusion mRNAs in which exon 2 {b2-a2 junction) or exon 3 (b3-a2 

35 junction) from the major breakpoint cluster region of the bcr gene is spliced 
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to exon 2 of the abl gene. Heisterkamp et al., 1985 Nature 315, 758; 
Shtivelman et al., 1987, Blood 69, 971). In the remaining cases of Ph- 
positive ALL, the first exon of the bcr gene is spliced to exon 2 of the abl 
gene (Hooberman et al., 1989 Proc. Nat. Acad. Sci. USA 86, 4259; 
5 Heisterkamp et al., 1988 Nucleic Acids Res. 16. 10069). 

The b3-a2 and b2-a2 fusion mRNAs encode 210 kd bcr-abi fusion 
proteins which exhibit oncogenic activity (Daley et al., 1990 Science 247. 
824; Heisterkamp et al.. 1990 Nature 344, 251). The importance of the bcr- 
abl fusion protein (p210^^^-^^/) in the evolution and maintenance of the 
10 leukemic phenotype In human disease has been demonstrated using 
antisense oligonucleotide inhibition of p210^^''"^^' expression. These 
inhibitory molecules have been shown to inhibit the in vitro proliferation of 
leukemic cells in bone marrow from CML patients. Szczylik et al., 1991 
Science 253. 562). 

Reddy, U.S. Patent 5.246.921 (hereby incorporated by reference 
herein) describes use of ribozymes as therapeutic agents for leukemias. 
such as chronic myelogenous leukemia (CML) by targeting the specific 
junction region of bcr-abl fusion transcripts. It indicates causing cleavage 
by a ribozyme at or near the breakpoint of such a hybrid chromosome, 
specifically it includes cleavage at the sequence GUX, where X is A, U or 
G. The one example presented is to cleave the sequence 5' AGC AG 
AGUU (cleavage site) CAA AAGCCCU-3'. 

Scanlon WO 91/18625, WO 91/18624. and WO 91/18913 and 
Snyder et al.. WO93/03141 and W094/13793 describe a ribozyme effective 
25 to cleave oncogenic variants of H-ras RNA. This ribozyme is said to inhibit 
H-ras expression in response to external stimuli. 

The invention features use of ribozymes to inhibit the development or 
expression of a transformed phenotype in man and other animals by 
modulating expression of a gene that contributes to the expression of CML, 
30 Cleavage of targeted mRNAs expressed in pre-neoplastic and transfonned 
cells elicits inhibition of the transformed state. 

The invention can be used to treat cancer or pre-neoplastic 
conditions. Two preferred administration protocols can be used, either in 
yiyo administration to reduce the tumor burden, or ex vivo treatment to 
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eradicate transformed cells from tissues such as bone marrow prior to 
reimplantation. 

This invention features an enzymatic RNA molecule (or ribozyme) 
which cleaves mRNA associated with development or maintenance of 
5 CML. The mRNA targets are present in the 425 nucleotides surrounding 
the fusion sites of the bcr and abi sequences in the b2-a2 and b3-a2 
recombinant mRNAs. Other sequences In the 5* portion of the bcr mRNA or 
the 3* portion of the abl mRNA may also be targeted for ribozyme cleavage. 
Cleavage at any of these sites in the fusion mRNA molecules will result in 
1 0 inhibition of translation of the fusion protein in treated cells. 

The invention provides a class of chemical cleaving agents which 
exhibit a high degree of specificity for the mRNA causative of CML. Such 
enzymatic RNA molecules can be delivered exogenously or endogenously 
to afflicted cells. In the preferred hammerhead motif the small size (less 
15 than 40 nucleotides, preferably between 32 and 36 nucleotides in length) 
of the molecule allows the cost of treatment to be reduced. 

The smallest ribozyme delivered for any type of treatment reported to 
date (by Rossi et al.. 1992 supra ) is an in vitro transcript having a length of 
142 nucleotides. Synthesis of ribozymes greater than 100 nucleotides in 

20 length is very difficult using automated methods, and the therapeutic cost of 
such molecules is prohibitive. Delivery of ribozymes by expression vectors 
is primarily feasible using only ex vivo treatments. This limits the utility of 
this approach. In this invention, an alternative approach uses smaller 
ribozyme motifs and exogenous delivery. The simple structure of these 

25 molecules also increases the ability of the ribozyme to invade targeted 
regions of the mRNA structure. Thus, uniike the situation when the 
hammerhead structure is included within longer transcripts, there are no 
non-ribozyme flanking sequences to interfere with correct folding of the 
ribozyme structure, as well as complementary binding of the ribozyme to 

30 the mRNA target. 

The enzymatic RNA molecules of this invention can be used to treat 
human CML or precancerous conditions. Affected animals can be treated 
at the time of cancer detection or in a prophylactic manner. This timing of 
treatment will reduce the number of affected cells and disable cellular 



95/23225 



PCT/IB95/00156 



54 

replication. This is possible because the ribozymes are designed to 
disable those structures required for successful cellular proliferation. 

Ribozymes of this invention block to some extent p210'^^''"^^^ 
expression and can be used to treat disease or diagnose such disease. 
Ribozymes will be delivered to cells in culture and to tissues in animal 
models of CML. Ribozyme cleavage of bcr/abi mRNA in these systems 
may prevent or alleviate disease symptoms or conditions. 

The sequence of human bcr/abI mRNA can be screened for 
accessible sites using a computer folding algorithm. Regions of the mRNA 
that did not form secondary folding structures and that contain potential 
hammerhead or hairpin ribozyme cleavage sites can be identified. These 
sites are shown in Table 29 (All sequences are 5" to 3' in the tables). The 
nucleotide base position is noted in the Tables as that site to be cleaved by 
the designated type of ribozyme. 

The sequences of the chemically synthesized ribozymes most useful 
in this study are shown in Table 30. Those in the art will recognize that 
these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding anns) is 
altered to affect activity. For example, stem-loop II sequence of 
hammerhead ribozymes listed in Table 30 (5'-GGCCGAAAGGCC-3') can 
be altered (substitution, deletion, and/or insertion) to contain any sequence 
provided, a minimum of two base-paired stem structure can form. The 
sequences listed in Tables 30 may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tables. 

By engineering ribozyme motifs we have designed several ribozymes 
directed against bcr-abi mRNA sequences. These have been synthesized 
with modifications that improve their nuclease resistance as described 
above. These ribozymes cleave bcr-abi target sequences in vitro. 

The ribozymes are tested for function in vivo by exogenous delivery to 
cells expressing bcr-abl. Ribozymes are delivered by incorporation into 
liposomes, by compiexing with cationic lipids, by microinjection, or by 
expression from DNA vectors. Expression of bcr-abl is monitored by 
ELISA. by indirect immunofluoresence, and/or by FACS analysis. Levels of 
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bcr-abl mRNA are assessed by Northern analysis, RNase protection, by 
primer extension analysis or by quantitative RT-PCR techniques. 
Ribozymes that block the induction of p210^^''"^**^ protein and mRNA by 
more than 20% are identified. 

5 Example 6: RSV 

This invention relates to the use of ribozymes as inhibitors of 
respiratory syncytial virus (RSV) production, and in particular, the inhibition 
of RSV replication. 

RSV is a member of the virus family paramyxoviridae and is classified 
10 under the genus Pneumovirus (for a review see Mcintosh and Chanock, 
1990 in Virology ed. B.N. Fields, pp. 1045, Raven Press Ltd. NY). The 
infectious virus particle is composed of a nucleocapsid enclosed within an 
envelope. The nucleocapsid is composed of a linear negative single- 
stranded non-segmented RNA associated with repeating subunits of 
1 5 capsid proteins to fomi a compact structure and thereby protect the RNA 
from nuclease degradation. The entire nucleocapsid is enclosed by the 
envelope. The size of the virus particle ranges from 150 - 300 nm in 
diameter. The complete life cycle of RSV takes place in the cytoplasm of 
infected cells and the nucleocapsid never reaches the nuclear 
20 compartment (Hall, 1990 in Principles and Practice of Infectious Diseases 
ed. Mandell et al., Churchill Livingstone, NY). 

The RSV genome encodes ten viral proteins essential for viral 
production. RSV protein products include two structural glycoproteins (G 
and F) found in the envelope spikes, two matrix proteins [M and M2 (22K)] 

25 found in the inner membrane, three proteins localized in the nucleocapsid 
(N, P and L), one protein that is present on the surface of the infected cell 
(SH), and two nonstructural proteins [NS1 (1C) and NS2 (1B)] found only 
in the infected cell. The mRNAs for the 10 RSV proteins have similar 5' 
and 3' ends. UV-inactivation studies suggest that a single promoter is used 

30 with multiple transcription initiation sites (Barik ef a/., 1992 J. Virol. 66, 
6813). The order of transcription corresponding to the protein assignment 
on the genomic RNA is 1C. IB, N, P. M, SH, G. F, 22K and L genes (Huang 
et aL, 1985 Virus Res. 2, 157) and transcript abundance corresponds to 
the order of gene assignment (for example the 1C and IB mRNAs are 

35 much more abundant than the L mRNA. Synthesis of viral message begins 
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immediately after RSV infection of cells and reaches a maximum at 14 
hours post-infection (Mcintosh and Chanock, supra). 

There are two antigenic subgroups of RSV, A and B, which can 
circulate simultaneously in the community in varying proportions in different 
5 years (Mcintosh and Chanock, supra). Subgroup A usually predominates. 
Within the two subgroups there are numerous strains. By the limited 
sequence analysis available it seems that homology at the nucleotide level 
is more complete within than between subgroups, although sequence 
divergence has been noted within subgroups as well. Antigenic 

1 0 determinates result primarily from both surface glycoproteins, F and G. For 
F, at least half of the neutralization epitopes have been stably maintained 
over a period of 30 years. For G however, A and B subgroups may be 
related antigenically by as little as a few percent. On the nucleotide level, 
however, the majority of the divergence in the coding region of G is found 

15 in the sequence for the extracellular domain (Johnson et al.. 1987. Proc. 
Natl. Acad. Sci. USA 84, 5625). 

Respiratory Syncytial Virus (RSV) is the major cause of lower 
respiratory tract illness during infancy and childhood (Hall, supra) and as 
such is associated with an estimated 90.000 hospitalizations and 4500 

20 deaths in the United States alone (Update: respiratory syncytial virus 
activity - United States. 1993, Mmwr Morb Mortal Wkfy Rep. 42. 971). 
Infection with RSV generally outranks all other microbial agents' leading to 
both pneumonia and bronchitis. While primarily affecting children under 
two years of age. immunity is not complete and reinfection of older children 

25 and adults, especially hospital care givers (Mcintosh and Chanock, supra). 
is not uncommon, immunocompromised patients are severely affected and 
RSV infection is a major complication for patients undergoing bone marrow 
transplantation . 



30 
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Uneventful RSV respiratory disease resembles a common cold and 
recovery is in 7 to 12 days. Initial symptoms (rhinorrhea, nasal congestion, 
slight fever, etc.) are followed in 1 to 3 days by lower respiratory tract signs 
of infection that include a cough and wheezing. In severe cases, these 
mild symptoms quickly progress to tachypnea, cyanosis, and listlessness 
and hospitalization is required, in infants with underlying cardiac or 
respiratory disease, the progression of symptoms is especially rapid and 
can lead to respiratory failure by the second or third day of illness. With 
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modem intensive care however, overall mortality is usually less than 5% of 
hospitalized patients (Mcintosh and Chanock, supra). 

At present, neither an efficient vaccine nor a specific antiviral agent is 
available. An immune response to the viral surface glycoproteins can 
5 provide resistance to RSV in a number of experimental animals, and a 
subunit vaccine has been shown to be effective for up to 6 months in 
children previously hospitalized with an RSV infection (Tristam et al., 1993, 
J. Infect. Dis. 167, 191). An attenuated bovine RSV vaccine has also been 
shown to be effective in calves for a similar length of time (Kubota et aL, 
10 1992 J. Vet. Med. Sci. 54, 957). Previously however, a formalin-inactivated 
RSV vaccine was implicated in greater frequency of severe disease in 
subsequent natural infections with RSV (Connors et aL, 1992 J. Virol. 66, 
7444). 

The current treatment for RSV infection requiring hospitalization is the 

1 5 use of aerosolized ribavirin, a guanosine analog [Antiviral Agents and Viral 
Diseases of Man, 3rd edition. 1990. (eds. G.J. Galasso, R.J. Whitley, and 
T.C. Merigan) Raven Press Ltd.. NY.]. Ribavirin therapy is associated with 
a decrease in the severity of the symptoms, improved arterial oxygen and a 
decrease in the amount of viral shedding at the end of the treatment 

20 period. It is not certain, however, whether ribavirin therapy actually 
shortens the patients' hospital stay or diminishes the need for supportive 
therapies (Mcintosh and Ghanock. supra). The benefits of ribavirin therapy 
are especially clear for high risk infants, those with the most serious 
symptoms or for patients with underlying bronchopulmonary or cardiac 

25 disease. Inhibition of the virai polymerase complex is supported as the 
main mechanism for inhibition of RSV by ribavirin, since viral but not 
cellular polypeptide synthesis is inhibited by ribavirin in RSV-infected cells 
(Antiviral Agents and Viral Diseases of Man, 3rd edition. 1990. (eds. G.J. 
Galasso. R.J. Whitiey, and T.C. Merigan) Raven Press Ltd., NY]. Since 

30 ribavirin is at least partially effective against RSV infection when delivered 
by aerosolization. it can be assumed that the target cells are at or near the 
epithelial surface. In this regard. RSV antigen had not spread any deeper 
than the superficial layers of the respiratory epithelium in autopsy studies of 
fatal pneumonia (Mcintosh and Chanock, supra). 



Jennings et al., WO 94/13688 indicates that targets for specific types 
of ribozymes include respiratory syncytical virus. 
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The invention features novel enzymatic RNA molecules, or ribozymes, 
and methods for their use for inhibiting production of respiratory syncytial 
virus (RSV). Such ribozymes can be used in a method for treatment of 
diseases caused by these related viruses in man and other animals. The 
invention also features cleavage of the genomic RNA and mRNA of these 
viruses by use of ribozymes. In particular, the ribozyme molecules 
described are targeted to the NS1 (1C), NS2 (IB) and N viral genes. 
These genes are known in the art (for a review see Mcintosh and Chanock, 
1990 supra ). 

Ribozymes that cleave the specified sites in RSV mRNAs represent a 
novel therapeutic approach to respiratory disorders. Applicant indicates 
that ribozymes are able to inhibit the activity of RSV and that the catalytic 
activity of the ribozymes is required for their inhibitory effect. Those of 
ordinary skill in the art, will find that it is clear from the examples described 
that other ribozymes that cleave these sites in RSV mRNAs encoding 1C. 
1B and N proteins may be readily designed and are within the invention. 
Also, those of ordinary skill in the art, will find that it is clear from the 
examples described that ribozymes cleaving other mRNAs encoded by 
RSV (P, M, SH, G, F, 22K and L) and the genomic RNA may be readily 
designed and are within the invention. 

In preferred embodiments, the ribozymes have binding arms which 
are complementary to the sequences in Tables 31, 33, 35. 37 and 38. 
Examples of such ribozymes are shown in Tables 32, 34, 36-38. Examples 
of such ribozymes consist essentially of sequences defined in these 
Tables. By "consists essentially or is meant that the active ribozyme 
contains an enzymatic center equivalent to those in the examples, and 
binding arms able to bind mRNA such that cleavage at the target site 
occurs. Other sequences may be present which do not interfere with such 
cleavage. 

Ribozymes of this invention block to some extent RSV production and 
can be used to treat disease or diagnose such disease. Ribozymes will be 
delivered to cells in culture and to ceils or tissues in animal models of 
respiratory disorders. Ribozyme cleavage of RSV encoded mRNAs or the 
genomic RNA in these systems may alleviate disease symptoms. 
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While all ten RSV encoded proteins (1C. IB, N, P. M, SH, 22K, F. G, 
and L) are essential for viral life cycle and are all potential targets for 
ribozyme cleavage, certain proteins (mRNAs) are more favorable for 
ribozyme targeting than the others. For example RSV encoded proteins 1C, 
5 IB, SH and 22K are not found in other members of the family 
paramyxoviridae and appear to be unique to RSV. In contrast the 
ectodomain of the G protein and the signal sequence of the F protein show 
significant sequence divergence at the nucleotide level among various 
RSV sub-groups (Johnson et al., 1987 supra). RSV proteins 1C, IB and N 
10 are highly consen/ed among various subtypes at both the nucleotide and 
amino acid levels. Also, 1C, IB and N are the most abundant of all RSV 
proteins. 

The sequence of human RSV mRNAs encoding 1C, IB and N 
proteins are screened for accessible sites using a computer folding 
15 algorithm. Hammerhead or hairpin ribozyme cleavage sites were 
identified. These sites are shown in Tables 31, 33, 34, 37 and 38 (All 
sequences are 5' to 3' in the tables.) The nucleotide base position is 
noted in the Tables as that site to be cleaved by the designated type of 
ribozyme. 

20 Ribozymes of the hammerhead or hairpin motif are designed to 

anneal to various sites in the mRNA message. The binding arms are 
complementary to the target site sequences described above. The 
ribozymes are chemically synthesized. The method of synthesis used 
follows the procedure for normal RNA synthesis as described in Usman et 

25 al., 1987 J. Am. Chem. Soc, 109, 7845.7854 and in Scaringe et al.. 1990 
Nucleic Acids Res.. 18. 5433-5441 and makes use of common nucleic acid 
protecting and coupling groups, such as dimethoxytrityl at the 5'-end. and 
phosphoramidites at the 3'-end. The average stepwise coupling yields 
were >98%. Inactive ribozymes were synthesized by substituting a U for 

30 Gs and a U for A14 (numbering from Hertel et al., 1992 Nucleic Acids Res., 
20, 3252). Hairpin ribozymes are synthesized in two parts and annealed to 
reconstruct the active ribozyme (Chowrira and Burke, 1992 Nucleic Acids 
Res., 20, 2835-2840). Hairpin ribozymes are also synthesized from DNA 
templates using bacteriophage T7 RNA polymerase (Miliigan and 

35 Uhlenbeck, 1989, Methods Enzymol. 180, 51). All ribozymes are modified 
extensively to enhance stability by modification with nuclease resistant 
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groups, for example. 2'-amino, 2'-C-allyl, 2*-flouro, 2'-o-methyl, 2'-H (for a 
review see Usman and Cedergren, 1992 TIBS 17, 34). Ribozymes are 
purified by gel electrophoresis using general methods or are purified by 
high pressure liquid chromatography and are resuspended in water. 

5 The sequences of the chemically synthesized ribozymes useful in this 

study are shown in Tables 32, 34, 36, 37 and 38. Those in the art will 
recognize that these sequences are representative only of many more such 
sequences where the enzymatic portion of the ribozyme (ail but the binding 
arms) is altered to affect activity. For example, stem-loop It sequence of 

1 0 hammerhead ribozymes listed in Tables 32 and 34(5'-GGCCGAAAGGCC- 
3') can be altered (substitution, deletion, and/or insertion) to contain any 
sequences provided a minimum of two base-paired stem structure can 
form. Similarly, stem-loop IV sequence of hairpin ribozymes listed in 
Tables 37 and 38 (5'-CACGUUGUG-3') can be altered (substitution, 

15 deletion, and/or insertion) to contain any sequence, provided a minimum of 
two base-paired stem structure can form. The sequences listed in Tables 
32, 34, 36, 37 and 38 may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tab!es. 

20 By engineering ribozyme motifs we have designed several ribozymes 

directed against RSV encoded mRNA sequences. These ribozymes are 
synthesized with modifications that improve their nuclease resistance. The 
ability of ribozymes to cleave target sequences in vitro is evaluated. 

Numerous, common cell lines can be infected with RSV for 
25 experimental purposes. These include HeLa, Vera and several primary 
epithelial cell lines. A cotton rat animal model of experimental human RSV 
infection is also available, and the bovine RSV is quite homologous to the 
human viruses. Rapid clinical diagnosis is through the use of kits designed 
for the immunofluorescence staining of RSV-infected cells or an ELISA 
30 assay, both of which are adaptable for experimental study. RSV encoded 
mRNA levels will be assessed by Northenn analysis. RNAse protection, 
primer extension analysis or quantitative RT-PCR. Ribozymes that block 
the induction of RSV activity and/or 1C. IB and N protein encoding 
mRNAs by more than 90% will be identified. 
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Optimizing Ribozyme Activity 

Ribozyme activity can be optimized as described by Draper at a!.. PCT 
W093/23569. The details will not be repeated here, but include altering 
the length of the ribozyme binding arms or chemically synthesizing 
ribozymes with modifications that prevent their degradation by serum 
ribonucleases (see e.g., Eckstein et at., International Publication No. 
WO 92/07065; Perrault et aL, 1990 Nature 344, 565; Pieken et al.. 1991 
Science 253, 314; Usman and Cedergren. 1992 Trends In Biochem. Set. 
17. 334; Usman et al., Internationa! Publication No. WO 93/15187; and 
Rossi et al., International Publication No. WO 91/03162, as well as 
Jennings et aL, WO 94/13688, which describe various chemical 
modifications that can be made to the sugar moieties of enzymatic RNA 
molecules. All these publications are hereby incorporated by reference 
herein.), modifications which enhance their efficacy in cells, and removal of 
stem II bases to shorten RNA synthesis times and reduce chemical 
requirements. 

Sullivan, et al.. PCT WO94/02595. incorporated by reference herein, 
describes the general methods for delivery of enzymatic RNA molecules . 
Ribozymes may be administered to cells by a variety of methods known to 
those familiar to the art, including, but not restricted to, encapsulation in 
liposomes, by iontophoresis, or by incorporation into other vehicles, such 
as hydrogels, cyclodextrins, biodegradable nanocapsules, and 
bioadhesive microspheres. The RNA/vehicle combination is locally 
delivered by direct injection or by use of a catheter, infusion pump or stent. 
Alternative routes of delivery include, but are not limited to, intravenous 
injection, intramuscular injection, subcutaneous injection, aerosol 
inhalation, oral (tablet or pill form), topical, systemic, ocular, intraperitoneal 
and/or intrathecal delivery. More detailed descriptions of ribozyme delivery 
and administration are provided in Sullivan, et al., supra and Draper, et al., 
supra which have been incorporated by reference herein. 

Another means of accumulating high concentrations of a ribozyme(s) 
within cells is to incorporate the ribozyme-encoding sequences into a DNA 
expression vector. Transcription of the ribozyme sequences are driven 
from a promoter for eukaryotic RNA polymerase I (pof I), RNA polymerase II 
(pol II), or RNA polymerase III (pol III), Transcripts from pol II or pol III 
promoters will be expressed at high levels in all cells; the levels of a given 
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pol II promoter in a given cell type will depend on the nature of the gene 
regulatory sequences (enhancers, silencers, etc.) present nearby. 
Prokaryotic RNA polymerase promoters are also used, providing that the 
prokaryotic RNA polymerase enzyme is expressed in the appropriate cells 
5 (EIroy-Stein and Moss, 1990 Proc. Natl. Acad, Sci. USA . fl7. fi74r^-7; Qao 
and Huang 1993 Nucleic Acids Rrr. 21, 2867-72; Lieber et al.. 1993 
Methods EnzymoL, 217, 47-66; Zhou et al., 1990 Mol. Cell. Biol 10, 4529- 
37). Several investigators have demonstrated that ribozymes expressed 
from such promoters can function in mammalian cells (e.g. Kashani-Sabet 

10 etal., 1992 Antisense Res. Dev.. 2,3-15; Ojwang et al.. 1992 Proc. Natl. 
Acad. Sci. USA, 89, 10802-6; Chen et al., 1992 Nucleic Acid<^ Rpc: 20, 
4581-9; Yu etal., 1993 Proc. Natl. Acad. Sci. U R A , Qn, f^^An.A- L'Huillier 
et al., 1992 EMBO J. 11, 4411-8; Lisziewicz et al., 1993 Proc. Natl. Acad 
Sci. U. S. A., 90, 8000-4). The above ribozyme transcription units can be 

1 5 incorporated into a variety of vectors for introduction into mammalian cells, 
including but not restricted to, plasmid DNA vectors, viral DNA vectors 
(such as adenovirus or adeno-associated virus vectors), or viral RNA 
vectors (such as retroviral, or alpha virus vectors). 



In a preferred embodiment of the invention, a transcription unit 



20 expressing a ribozyme that cleaves target RNA is inserted into a plasmid 
DNA vector, a retrovirus DNA viral vector, an adenovirus DNA viral vector 
or an adeno-associated virus vector or alpha virus vector. These and other 
vectors have been used to transfer genes to live animals (for a review see 
Friedman, 1989 Science 244, 1275-1281; Roemer and Friedman, 1992 

25 Eur. J. Biochem. 208, 211-225) and leads to transient or stable gene 
expression. The vectors are delivered as recombinant viral particles. DNA 
may be delivered alone or complexed with vehicles (as described for RNA 
above). The DNA, DNA/vehicle complexes, or the recombinant virus 
particles are locally administered to the site of treatment, e.p., through the 

30 use of a catheter, stent or infusion pump. 

Diagnostic uses 

Ribozymes of this invention may be used as diagnostic tools to 
examine genetic drift and mutations within diseased cells. The close 
relationship between ribozyme activity and the structure of the target RNA 
35 allows the detection of mutations in any region of the molecule which alters 
the base-pairing and three-dimensional structure of the target RNA, By 
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using multiple ribozymes described in this invention, one may map 
nucleotide changes which are important to RNA structure and function in 
vitro, as well as in cells and tissues. Cleavage of target RNAs with 
ribozymes may be used to inhibit gene expression and define the role 
5 (essentially) of specified gene products in the progression of disease. In 
this manner, other genetic targets may be defined as important mediators 
of the disease. These experiments will lead to better treatment of the 
disease progression by affording the possibility of combinational therapies 
multiple ribozymes targeted to different genes, ribozymes coupled 

10 with known small molecule inhibitors, or intermittent treatment with 
combinations of ribozymes and/or other chemical or biological molecules). 
Other in vitro uses of ribozymes of this invention are well known in the art, 
and include detection of the presence of mRNA associated with ICAM-1, 
relA, TNF-a, p210, bcr-abi or RSV related condition. Such RNA Is detected 

1 5 by determining the presence of a cleavage product after treatment with a 
ribozyme using standard methodology. 

In a specific example, ribozymes which can cleave only wild-type or 
mutant forms of the target RNA are used for the assay. The first ribozyme is 
used to identify wild-type RNA present in the sample and the second 

20 ribozyme will be used to identify mutant RNA in the sample. As reaction 
controls, synthetic substrates of both wild-type and mutant RNA will be 
cleaved by both ribozymes to demonstrate the relative ribozyme 
efficiencies in the reactions and the absence of cleavage of the "non- 
targeted" RNA species. The cleavage products from the synthetic 

25 substrates will also serve to generate size markers for the analysis of wild- 
type and mutant RNAs in the sample population. Thus each analysis will 
require two ribozymes, two substrates and one unknown sample which will 
be combined into six reactions. The presence of cleavage products will be 
determined using an RNAse protection assay so that full-length and 

30 cleavage fragments of each RNA can be analyzed in one lane of a 
polyacrylamide gel. It is not absolutely required to quantify the results to 
gain insight into the expression of mutant RNAs and putative risk of the 
desired phenotypic changes in target cells. The expression of mRNA 
whose protein product is implicated in the development of the phenotype 

35 (i.e., ICAM-1, rel A, TNFoc, p2lobcr-abl or RSV) is adequate to establish 
risk. If probes of comparable specific activity are used for both transcripts, 
then a qualitative comparison of RNA levels will be adequate and will 
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decrease the cost of the initial diagnosis. Higher mutant form to wild-type 
ratios will be correlated with higher risk whether RNA levels are compared 
qualitatively or quantitatively. 

H. Chemical Synthesis Of RIbozymes 

5 There follows the chemical synthesis, deprotection. and purification of 

RNA, enzymatic RNA or modified RNA molecules in greater than milligram 
quantities with high biological activity. Applicant has determined that the 
synthesis of enzymatically active RNA in high yield and quantity is 
dependent upon certain critical steps used during its preparation. 

1 0 Specifically, it is important that the RNA phosphoramidites are coupled 
efficiently in terms of both yield and time, that correct exocyclic amino 
protecting groups be used, that the appropriate conditions for the removal 
of the exocyclic amino protecting groups and the alkylsilyl protecting 
groups on the 2'-hydroxyl are used, and that the correct work-up and 

1 5 purification procedure of the resulting ribozyme be used. 

To obtain a correct synthesis in temns of yield and biological activity of 
a large RNA molecule (i.e.. about 30 to 40 nucleotide bases), the protection 
of the amino functions of the bases requires either amide or substituted 
amide protecting groups, which must be, on the one hand, stable enough 

20 to survive the conditions of synthesis, and on the other hand, removable at 
the end of the synthesis. These requirements are met by the amide 
protecting groups shown in Figure 8, in particular, benzoyl for adenosine, 
isobutyryi or benzoyl for cytidine, and isobutyryl for guanosine, which may 
be removed at the end of the synthesis by incubating the RNA in NHs/EtOH 

25 (ethanolic ammonia) for 20 h at 65 "C. In the case of the phenoxyacetyl 
type protecting groups shown in Figure 8 on guanosine and adenosine 
and acetyl protecting groups on cytidine. an incubation in ethanolic 
ammonia for 4 h at 65 °C is used to obtain complete removal of these 
protecting groups. Removal of the alkylsilyl 2'-hydroxyl protecting groups 

30 can be accomplished using a tetrahydrofuran solution of TBAF at room 
temperature for 8-24 h. 

The most quantitative procedure for recovering the fully deprotected 
RNA molecule is by either ethanol precipitation, or an anion exchange 
cartridge desalting, as described in Scaringe et al. Nucleic Acids Res 
35 1990, 18, 5433-5341 . The purification of the long RNA sequences may be 
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accomplished by a two-step chromatographic procedure in which the 
molecule is first purified on a reverse phase column with either the trityl 
group at the 5* position on or off. This purification is accomplished using an 
acetonitrile gradient with triethylammonium or bicarbonate salts as the 
5 aqueous phase. In the case of the trityl on purification, the trityl group may 
be removed by the addition of an acid and drying of the partially purified 
RNA molecule. The final purification is carried out on an anion exchange 
column, using alkali metal perchlorate salt gradients to elute the fully 
purified RNA molecule as the appropriate metal salts, e.g. Na+, Li+ etc. A 
10 final de-salting step on a small reverse-phase cartridge completes the 
purification procedure. Applicant has found that such a procedure not only 
fails to adversely affect activity of a ribozyme. but may improve its activity to 
cleave target RNA molecules. 

Applicant has also determined that significant (see Tables 39-41 ^ 
15 improvements in the yield of desired full length product (FLP) can be 
obtained by: 

1. Using 5-S-alkyltetrazole at a delivered or effective 
concentration of 0.25-0.5 M or 0.15-0.35 M for the activation of the RNA (or 
analogue) amidite during the coupling step. (By delivered is meant that the 

20 actual amount of chemical in the reaction mix is known. This is possible for 
large scale synthesis since the reaction vessel is of size sufficient to allow 
such manipulations. The term effective means that available amount of 
chemical actually provided to the reaction mixture that is able to react with 
the other reagents present in the mixture. Those skilled in the art will 

25 recognize the meaning of these terms from the examples provided herein.) 
The time for this step is shortened from 10-15 m, vtde supra, to 5-10 m. 
AlkyI, as used herein, refers to a saturated aliphatic hydrocarbon, including 
straight-chain, branched-chain. and cyclic alky! groups. Preferably, the 
alkyi group has 1 to 12 carbons. More preferably it is a lower alkyi of from 1 

30 to 7 carbons, more preferably 1 to 4 carbons. The alkyi group may be 
substituted or unsubstituted. When substituted the substituted group(s) is 
preferably, hydroxyl. cyano, alkoxy, =0. =S. NO2 or N(CH3)2, amino, or SH. 
The term also includes alkenyl groups which are unsaturated hydrocarbon 
groups containing at least one carbon-carbon double bond, including 

35 straight-chain, branched-chain. and cyclic groups. Preferably, the alkenyl 
group has 1 to 12 carbons. More preferably it is a lower alkenyl of from 1 to 
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7 carbons, more preferably 1 to 4 carbons. The alkenyl group may be 
substituted or unsubstituted. When substituted the substituted group(s) is 
preferably, hydroxy!, cyano. aikoxy. =0, =S, NO2, halogen, N(CH3)2, 
amino, or SH. The term "alkyi" also includes alkynyl groups which have an 
5 unsaturated hydrocarbon group containing at least one carbon-carbon 
triple bond, including straight-chain, branched-chain. and cyclic groups. 
Preferably, the alkynyl group has 1 to 12 carbons. More preferably it is a 
lower alkynyl of from 1 to 7 carbons, more preferably 1 to 4 carbons. The 
alkynyl group may be substituted or unsubstituted. When substituted the 
10 substituted group(s) is preferably, hydroxyl. cyano. alkoxy. =0. =S. NO2 or 
N(CH3)2. amino or SH. 

Such alkyI groups may also include aryl, alkylaryl. carbocyclic aryl. 
heterocyclic aryl. amide and ester groups. An "aryl" group refers to an 
aromatic group which has at least one ring having a conjugated k electron 

15 system and includes carbocyclic aryl. heterocyclic aryl and biaryl groups, 
all of which may be optionally substituted. The preferred substituent{s) of 
aryl groups are halogen, trihalomethyl. hydroxyl. SH. OH. cyano. alkoxy, 
alkyl. alkenyl. alkynyl, and amino groups. An "alkylaryl" group refers to an 
alkyI group (as described above) covalently joined to an aryl group (as 

20 described above. Carbocyclic aryl groups are groups wherein the ring 
atoms on the aromatic ring are all carbon atoms. The carbon atoms are 
optionally substituted. Heterocyclic aryl groups are groups having from 1 to 
3 heteroatoms as ring atoms in the aromatic ring and the remainder of the 
ring atoms are carbon atoms. Suitable heteroatoms include oxygen, sulfur, 

25 and nitrogen, and include furanyl. thienyl. pyridyl. pyrrolyl, N-lower alkyl 
pyrrole, pyrimidyl, pyrazinyl. imidazolyl and the like, all optionally 
substituted. An "amide" refers to an -C(0)-NH-R. where R is either alkyl. 
aryl, alkylaryl or hydrogen. An "ester" refers to an -C(0)-OR'. where R is 
either alkyl, aryl, alkylaryl or hydrogen. 

2. Using 5-S-alkyltetrazole at an effective, or final, concentration 
of 0.1-0.35 M for the activation of the RNA (or analogue) amidite during the 
coupling step. The time for this step is shortened from 10-15 m, vide supra, 
to 5-10 m. 



3. Using alkylamine (MA. where alkyl is preferably methyl, ethyl, 
35 propyl or butyl) or NH40H/alkylamine (AMA. with the same preferred alkyl 
groups as noted for MA) @ 65 °C for 10-15 m to remove the exocyclic 
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amino protecting groups {v$ 4-20 h @ 55-65 °C using NH40H/EtOH or 
NHs/EtOH, vide supra). Other alkylamines, e,g. ethylamine. propylamine, 
butylamine etc. may also be used. 

4. Using anhydrous triethylamine-hydrogen fluoride (aHF»TEA) 
@ 65 °C for 0.5-1.5 h to remove the 2'-hydroxyl alkylsilyl protecting group 
(us 8 - 24 h using TBAF, vide supra or TEA»3HF for 24 h (Gasparutto et aL 
Nucleic Acids fles. 1992. 20, 5159-5166). Other alkylamine^HF 
complexes may also be used, e.g. trimethylamine or diisopropylethylamine. 

5. The use of anion-exchange resins to purify and/or analyze the 
fully deprotected RNA. These resins include, but are not limited to, 
quartenary or tertiary amino derivatized stationary phases such as silica or 
polystyrene. Specific examples include Dionex-NAI 00®, Mono-Q®, Poros- 
Q®. 

Thus, the invention features an improved method for the coupling of 
RNA phosphoramidites; for the removal of amide or substituted amide 
protecting groups; and for the removal of 2'-hydroxyI alkylsilyl protecting 
groups. Such methods enhance the production of RNA or analogs of the 
type described above {e.g., with substituted 2'-groups). and allow efficient 
synthesis of large amounts of such RNA. Such RNA may also have 
enzymatic activity and be purified without loss of that activity. While specific 
examples are given herein, those in the art will recognize that equivalent 
chemical reactions can be performed with the alternative chemicals noted 
above, which can be optimized and selected by routine experimentation. 

In another aspect, the invention features an improved method for the 
purification or analysis of RNA or enzymatic RNA molecules (e.g. 28-70 
nucleotides in length) by passing said RNA or enzymatic RNA molecule 
over an HPLC, e.g., reverse phase and/or an anion exchange 
chromatography column. The method of purification improves the catalytic 
activity of enzymatic RNAs over the gel purification method (see Figure 10). 

Draper et al., PCT W093/23569, incorporated by reference herein, 
disclosed reverse phase HPLC purification. The purification of long RNA 
molecules may be accomplished using anion exchange chromatography, 
particularly in conjunction with alkali perchlorate salts. This system may be 
used to purify very long RNA molecules. In particular, it is advantageous to 
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use a Dionex NucleoPak 100® or a Pharmacia Mono Q® anion exchange 
column for the purification of RNA by the anion exchange method. This 
anion exchange purification may be used following a reverse-phase 
purification or prior to reverse phase purification. This method results in the 
5 formation of a sodium salt of the ribozyme during the chromatography. 
Replacement of the sodium alkali earth salt by other metal salts, e.p., 
lithium, magnesium or calcium perchlorate, yields the corresponding salt of 
the RNA molecule during the purification. 

In the case of the 2-step purification procedure, in which the first step 
10 is a reverse phase purification followed by an anion exchange step, the 
reverse phase purification is best accomplished using polymeric, e,g. 
polystyrene based, reverse-phase media, using either a 5'-trityl-on or 5'- 
trityl-off method. Either molecule may be recovered using this reverse- 
phase method, and then, once detritylated, the two fractions may be pooled 
15 and then submitted to an anion exchange purification step as described 
above. 

The method includes passing the enzymatically active RNA 
molecule over a reverse phase HPLC column; the enzymatically active 
RNA molecule is produced in a synthetic chemical method and not by an 
20 enzymatic process; and the enzymatic RNA molecule is partially blocked, 
and the partially blocked enzymatically active RNA molecule is passed 
over a reverse phase HPLC column to separate it from other RNA 
molecules. 

In more preferred embodiments, the enzymatically active RNA 
25 molecule, after passage over the reverse phase HPLC column, is 
deprotected and passed over a second reverse phase HPLC column 
(which may be the same as the reverse phase HPLC column), to remove 
the enzymatic RNA molecule from other components. In addition, the 
column is a silica or organic polymer-based C4, C8 or C18 column having 
30 a porosity of at least 125 A, preferably 300 A, and a particle size of at least 
2 ^m, preferably 5 |im. 

Activation 

The synthesis of RNA molecules may be accomplished chemically or 
enzymatically. In the case of chemical synthesis the use of tetrazole as an 
35 activator of RNA phosphoramidites is known (Usman et ai J. Am. Chem, 
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Soc. 1987, 109, 7845-7854). In this, and subsequent reports, a 0.5 M 
solution of tetrazole is allowed to react with the RNA phosphoramidite and 
couple with the polynner bound 5'-hydroxyl group for 10 m. Applicant has 
determined that using 0.25-0.5 M solutions of S-S-alkyltetrazoles for only 5 
5 min gives equivalent or better results. The following exemplifies the 
procedure. 

Example 7: Svnthesis of RNA and Ribozvmes Using 5-S-Alky !tetra7nlpg 
as Activatino Agent 

The method of synthesis used follows the general procedure for RNA 
10 synthesis as described in Usman et al., 1987s£ypra and in Scaringe et al., 
Nucleic Acids Res, 1990, 18, 5433-5441 and makes use of common 
nucleic acid protecting and coupling groups, such as dimethoxytrityl at the 
5'-end, and phosphoramidites at the 3'-end. The major difference used 
was the activating agent, 5-S-ethyl or -methyltetrazole @ 0.25 M 
1 5 concentration for 5 min. 

All small scale syntheses were conducted on a 394 (ABI) synthesizer 
using a modified 2.5 p,mol scale protocol with a reduced 5 min coupling 
step for alkylsilyl protected RNA and 2.5 m coupling step for 2'-0- 
methylated RNA. A 6.5-fold excess (162.5 ^iL of 0.1 M = 32.5 ^imol) of 

20 phosphoramidite and a 40-fold excess of S-ethyl tetrazole (400 of 0.25 
M = 100 ^imoi) relative to polymer-bound 5'-hydroxyl was used in each 
coupling cycle. Average coupling yields on the 394, determined by 
colorimetric quantitation of the trityl fractions, was 97.5-99%. Other 
oligonucleotide synthesis reagents for the 394: Detritylation solution was 

25 2% TCA in methylene chloride; capping was perfomied with 16% A/-Methyl 
imidazole in THF and 10% acetic anhydride/10% 2,6-lutidine in THF; 
oxidation solution was 16.9 mM I2, 49 mM pyridine, 9% water in THF. 
Fisher Synthesis Grade acetonitriie was used directly from the reagent 
bottle. S-Ethyi tetrazole solution (0.25 M in acetonitriie) was made up from 

30 the solid obtained from Applied Biosystems. 

All large scale syntheses were conducted on a modified (eight amidite 
port capacity) 390Z (ABI) synthesizer using a 25 M.mol scale protocol with a 
5-15 min coupling step for alkylsilyl protected RNA and 7.5 m coupling step 
for 2'-0-methylated RNA. A six-fold excess (1.5 mL of 0.1 M = 150 pimol) of 
35 phosphoramidite and a forty-five-fold excess of S-ethy! tetrazole (4.5 mL of 
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0.25 M = 1125 ^moi) relative to polymer-bound 5*-hydroxyl was used in 
each coupling cycle. Average coupling yields on the 390Z, determined by 
colorimetric quantitation of the trityl fractions, was 95.0-96.7%. 
Oligonucleotide synthesis reagents for the 390Z: Detritylation solution was 
5 2% DCA in methylene chloride; capping was performed with 16% A/-Methyl 
imidazole in THF and 10% acetic anhydride/10% 2.6-lutidine in THF; 
oxidation solution was 16.9 mM I2, 49 mM pyridine, 9% water in THF. 
Fisher Synthesis Grade acetonitriie was used directly from the reagent 
bottle. S-Ethyl tetrazole solution (0.25-0.5 M in acetonitriie) was made up 
1 0 from the solid obtained from Applied Biosystems. 

Deorotection 

The first step of the deprotection of RNA molecules may be 
accomplished by removal of the exocyclic amino protecting groups with 
either NH40H/EtOH:3/1 (Usman etaL J. Am, Chem. Soc, 1987, 109, 7845- 
15 7854) or NHa/EtOH (Scaringe et aL Nucleic Acids Res. 1990. 18, 5433- 
5341) for -20 h @ 55-65 ^C. Applicant has determined that the use of 
methylamine or NH40H/methylamine for 10-15 min @ 55-65 *=^C gives 
equivalent or better results. The following exemplifies the procedure. 

Example 8: RNA and R ibozvme Deprotection of Exocyclic Amino 
20 Protecting Groups Usino Methvlamine fMA^ or NH^QH/Methvlamine fAMA\ 

The polymer-bound oligonucleotide, either trityl-on or off, was 
suspended in a solution of methylamine (MA) or NH40H/methylamine 
(AMA) @ 55-65 °C for 5-15 min to remove the exocyclic amino protecting 
groups. The polymer-bound oligoribonucleotide was transferred from the 

25 synthesis column to a 4 mL glass screw top vial. NH4OH and aqueous 
methylamine were pre-mixed in equal volumes. 4 mL of the resulting 
reagent was added to the vial, equilibrated for 5 m at RT and then heated at 
55 or 65 °C for 5-15 min. After cooling to -20 X. the supematant was 
removed from the polymer support. The support was washed with 1.0 mL 

30 of EtOH:MeCN:H20/3:1 :1 . vortexed and the supematant was then added to 
the first supernatant. The combined supernatants, containing the 
oligoribonucleotide, were dried to a white powder. The same procedure 
was followed for the aqueous methylamine reagent. 



Table 40 is a summary of the results obtained using the improvements 
35 outlined in this application for base deprotection. 
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The second step of the deprotection of RNA molecules may be 
accomplished by removal of the 2'-hydroxyl alkylsilyl protecting group 
using TBAF for 8-24 h (Usman et aL J. Am, Chem. Soc, 1987, 109, 7845- 
7854). Applicant has determined that the use of anhydrous TEA»HF in A/- 
5 methylpyrrolidine (NMP) for 0.5-1.5 h @ 55-65 X gives equivalent or better 
results. The following exemplifies this procedure, 

Examole 9: RNA and Ribozvme Deprotection of 2'-Hvdroxvl Alkylsriy! 
Protecting Groups Usino Anhydrous TEA*HF 

To remove the alkylsilyl protecting groups, the ammonia-deprotected 
10 oligoribonucleotide was resuspended in 250 [iL of 1.4 M anhydrous HF 
solution (1.5 mL A/-methylpyrrolidine, 750 \xL TEA and 1.0 mL TEA»3HF) 
and heated to 65 °C for 1.5 h. 9 mL of 50 mM TEAB was added to quench 
the reaction. The resulting solution was loaded onto a Qiagen 500® anion 
exchange cartridge (Qiagen Inc.) prewashed with 10 mL of 50 mM TEAB. 
1 5 After washing the cartridge with 10 mL of 50 mM TEAB, the RNA was eluted 
with 1 0 mL of 2 M TEAB and dried down to a white powder. 

Table 41 is a summary of the results obtained using the improvements 
outlined in this application for alkylsilyl deprotection. 

Example 10: HPLC Purification. Anion Exchange column 

20 For a small scale synthesis, the crude material was diluted to 5 mL 

with diethylpyrocarbonate treated water. The sample was injected onto 
either a Pharmacia Mono Q® 16/10 or Dionex NucleoPac® column with 
100% buffer A (10 mM NaCI04). A gradient from 180-210 mM NaCI04 at a 
rate of 0.85 mM/void volume for a Pharmacia Mono Q® anion-exchange 

25 column or 100-150 mM NaCI04 at a rate of 1.7 mM/void volume for a 
Dionex NucleoPac® anion-exchange column was used to elute the RNA. 
Fractions were analyzed by a HP-1090 HPLC with a Dionex NucleoPac® 
column. Fractions containing full length product at >80% by peak area 
were pooled. 

30 For a trityi-off large scale synthesis, the crude material was desalted 

by applying the solution that resulted from quenching of the desilylation 
reaction to a 53 mL Pharmacia HiLoad 26/10 Q-Sepharose® Fast Flow 
column. The column was thoroughly washed with 10 mM sodium 
perchlorate buffer. The oligonucleotide was eluted from the column with 
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300 mM sodium perchlorate. The eluent was quantitated and an analytical 
HPLC was run to determine the percent full length material in the synthesis. 
The eluent was diluted four fold in sterile H2O to lower the salt 
concentration and applied to a Pharmacia Mono Q® 16/10 column. A 
5 gradient from 10-185 mM sodium perchlorate was run over 4 column 
volumes to elute shorter sequences, the full length product was then eluted 
in a gradient from 185-214 mM sodium perchlorate in 30 column volumes. 
The fractions of interest were analyzed on a HP-1090 HPLC with a Dionex 
NucleoPac® column. Fractions containing over 85% full length material 
10 were pooled. The pool was applied to a Pharmacia RPC® column for 
desalting. 

For a trityl-on large scale synthesis, the crude material was desalted 
by applying the solution that resulted from quenching of the desilylation 
reaction to a 53 mL Pharmacia HiLoad 26/10 Q-Sepharose® Fast Flow 

15 column. The column was thoroughly washed with 20 mM NH4CO3H/10% 
CH3CN buffer. The oligonucleotide was eluted from the column with 1.5 M 
NH4CO3H/10% acetonitrile. The eluent was quantitated and an analytical 
HPLC was run to detemiine the percent full length material present in the 
synthesis. The oligonucleotide was then applied to a Pharmacia Resource 

20 RPC column. A gradient from 20-55% B (20 mM NH4C03H/25% CH3CN, 
buffer A = 20 mM NH4CO3H/10% CH3CN) was run over 35 column 
volumes. The fractions of interest were analyzed on a HP-1090 HPLC with 
a Dionex NucleoPac® column. Fractions containing over 60% full length 
material were pooled. The pooled fractions were then submitted to manual 

25 detritylation with 80% acetic acid, dried down immediately, resuspended in 
sterile H2O, dried down and resuspended in H2O again. This material was 
analyzed on a HP 1090-HPLC with a Dionex NucleoPac® column. The 
material was purified by anion exchange chromatography as in the trityl-off 
scheme {vide supra). 

30 Example 1 1 Ribozvme Activitv Assay 

Purified 5'-end labeled RNA substrates (15-25-mers) and purified 5'- 
end labeled ribozymes (-36-mers) were both heated to 95 ^C, quenched 
on ice and equilibrated at 37 °C. separately. Ribozyme stock solutions 
were 1 ^M, 200 nM, 40 nM or 8 nM and the final substrate RNA 
35 concentrations were - 1 nM. Total reaction volumes were 50 ^L. The 
assay buffer was 50 mM Tris-CI, pH 7.5 and 10 mM MgCla. Reactions were 
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initiated by mixing substrate and ribozyme solutions at t = 0. Aliquots of 5 
\iL were removed at time points of 1. 5. 15, 30, 60 and 120 m. Each aliquot 
was quenched in formamide loading buffer and loaded onto a 15% 
denaturing polyacrylamide gel for analysis. Quantitative analyses were 
5 performed using a phosphorimager (Molecular Dynamics). 

Example 12: One pot deprotection of RNA 

Applicant has shown that aqueous methyl amine is an efficient 
reagent to deprotect bases in an RNA molecule. However, in a time 
consuming step (2-24 hrs), the RNA sample needs to be dried completely 

10 prior to the deprotection of the sugar 2'-hydroxyl groups. Additionally, 
deprotection of RNA synthesized on a large scale (e.g., 100 ^mol) 
becomes challenging since the volume of solid support used is quite large. 
In an attempt to minimize the time required for deprotection and to simplify 
the process of deprotection of RNA synthesized on a large scale, applicant 

15 describes a one pot deprotection protocol (Fig. 12). According to this 
protocol, anhydrous methyiamine is used in place of aqueous methyl 
amine. Base deprotection is carried out at 65 °C for 15 min and the 
reaction is allowed to cool for 10 min. Deprotection of 2'-hydroxyl groups is 
then carried out in the same container for 90 min in a TEA»3HF reagent. 

20 The reaction is quenched with 16 mM TEAB solution. 

Referring to Fig. 13 . hammerhead ribozyme targeted to site B is 
synthesized using RNA phosphoramadite chemistry and deprotected using 
either a two pot or a one pot protocol. Profiles of these ribozymes on an 
HPLC column are compared. The figure shows that RNAs deprotected by 
25 either the one pot or the two pot protocols yield similar full-length product 
profiles. Applicant has shown that using a one pot deprotection protocol, 
time required for RNA deprotection can be reduced considerably without 
compromising the quality or the yield of full length RNA. 

Referring to Fig. 14, hammerhead ribozymes targeted to site B (from 
30 Fig. 13) are tested for their ability to cleave RNA. As shown in the figure 14 . 
ribozymes that are deprotected using one pot protocol have catalytic 
activity comparable to ribozymes that are deprotected using a two pot 
protocol. 
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Example 12a:improve d protocol for the synthesis of phosphorothroatft 
QOntgipinq RNA and ribozvmes using S-S-Alkvltetrazoles as Activating 
Agent 

The two sulfurlzing reagents that have been used to synthesize 
5 ribophosphorothioates are tetraethylthiuram disulfide (TETD; Vu and 
Hirschbein, 1991 Tetrahedron Letter 31. 3005). and 3H-1,2-benzodithiol-3- 
one 1,1 -dioxide (Beaucage reagent; Vu and Hirschbein, 1991 supra). 
TETD requires long sulfurization times (600 seconds for DNA and 3600 
seconds for RNA). It has recently been shown that for sulfurization of DNA 
10 oligonucleotides, Beaucage reagent Is more efficient than TETD 
(Wyrzykiewicz and Ravikumar, 1994 Bioorganic Med. Chem. 4, 1519). 
Beaucage reagent has also been used to synthesize phosphorothioate 
oligonucleotides containing 2'-deoxy-2'-fluoro modifications wherein the 
wait time is 10 min (Kawasaki et al., 1992 J. Med. Chem). 

15 The method of synthesis used follows the procedure for RNA 

synthesis as described herein and makes use of common nucleic acid 
protecting and coupling groups, such as dimethoxytrityl at the 5'-end, and 
phosphoramidites at the 3*-end. The sulfurization step for RNA described 
in the literature is a 8 second delivery and 10 min wait steps (Beaucage 

20 and Iyer, 1991 Tetrahedron 49. 6123). These conditions produced about 
95% sulfurization as measured by HPLC analysis (Morvan et al.. 1990 
Tetrahedron Letter 31. 7149). This 5% contaminating oxidation could arise 
from the presence of oxygen dissolved in solvents and/or slow release of 
traces of iodine adsorbed on the inner surface of delivery lines during 

25 previous synthesis. 

A major improvement is the use of an activating agent 5-S- 
ethyltetrazole or 5-S-methyltetrazoie at a concentration of 0.25 M for's min 
Additionally, for those linkages which are phosporothioate. the iodine 
solution is replaced with a 0.05 M solution of 3H-1.2-benzodithiole-3-one 
30 l.l-dioxide (Beaucage reagent) in acetonitrile. The delivery time for the 
sulfurization step is reduced to 5 seconds and the wait time is reduced to 
300 seconds. 

RNA synthesis is conducted on a 394 (ABI) synthesizer using a 
modified 2.5 nmol scale protocol with a reduced 5 min coupling step for 
35 alkylsilyl protected RNA and 2.5 min coupling step for 2'-0-methyiated 
RNA. A 6.5-fold excess (162.5 jxL of 0.1 M = 32.5 ^mol) of phosphoramidite 
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and a 40-fold excess of S-ethyl tetrazole (400 of 0.25 M = 100 p.mol) 
relative to polymer-bound 5'-hydroxyl was used in each coupling cycle. 
Average coupling yields on the 394 synthesizer, determined by colorimetric 
quantitation of the trityl fractions, was 97.5-99%. Other oligonucleotide 
synthesis reagents for the 394 synthesizer: detritylation solution was 2% 
TCA in methylene chloride; capping was performed with 16% A/-Methyl 
imidazole in THF and 10% acetic anhydride/10% 2,6-lutidine in THF; 
oxidation solution was 16.9 mM I2, 49 mM pyridine, 9% water in THF. 
Fisher Synthesis Grade acetonitrile was used directly from the reagent 
bottle. S-Ethyl tetrazole solution (0.25 M In acetonitrile) was made up from 
the solid obtained from Applied Biosystems. Sulfurizing reagent was 
obtained from Glen Research. 

Average sulfurization efficiency (ASE) is determined using the 
formula: ASE = {PSyTotal)1/n-1 

where, PS = integrated 31 P NMR values of the P=S diester 

Total = integration value of all peaks 

n = length of oligo 

Referring to tables 42 and 43, effects of varying the delivery and the 
wait time for sulfurization with Beaucage's reagent is described. These 
data suggest that 5 second wait time and 300 second delivery time is the 
condition under which ASE is maximum. 

Using the above conditions a 36 mer hammerhead ribozyme is 
synthesized which is targeted to site C. The ribozyme is synthesized to 
contain phosphorothioate linkages at four positions towards the 5' end. 
RNA cleavage activity of this ribozyme is shown in Fig. 16 . Activity of the 
phosphorothioate ribozyme is comparable to the activity of a ribozyme 
lacking any phosphorothioate linkages. 

Example 13: Protocol for the svnthe sis of 2'-NI- phtalimido-n»iri^nciHo 
phosphoramidite 

The 2'-amino group of a 2'-deoxy-2'-amino nucleoside is normally 
protected with N-(9-flourenylmethoxycarbonyl) (Fmoc; Imazawa and 
Eckstein, 1979 supra; Pieken et al.. 1991 Science 253, 314). This 
protecting group is not stable in CH3CN solution or even in dry form during 
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prolonged storage at -20 ^C. These problems need to be overcome in 
order to achieve large scale synthesis of RNA. 

Applicant describes the use of alternative protecting groups for the 2'- 
amino group of 2'-deoxy-2'-amino nucleoside. Referring to Figure 17. 
5 phosphoramidite 17 was synthesized starting from 2'-deoxy-2'- 
aminonucleoside (12) using transient protection with Markevich reagent 
(Markiewicz J. Chem, Res. 1979, S, 24). An intemnediate 13 was obtained 
in 50% yield, however subsequent introduction of N-phtaloyI (Pht) group by 
Nefken's method (Nefkens. 1960 Nature 185, 306), desilylation (15), 
10 dimethoxytrytilation (16) and phosphitylation led to phosphoramidite 17. 
Since overall yield of this multi-step procedure was low (20%) applicant 
investigated some alternative approaches, concentrating on selective 
introduction of N-phtaloyI group without acylation of 5' and 3' hydroxyls. 

When 2'-deoxy-2'-amino-nucleoside was reacted with 1.05 
15 equivalents of Nefkens reagent in DMF overnight with subsequent 
treatment with EtsN (1 hour) only 10-15% of N and 5*{3')-bis-phtaloyl 
derivatives were formed with the major component being N-Pht-derivative 
15. The N,0-bis by-products could be selectively and quantitively 
converted to N-Pht derivative 15 by treatment of crude reaction mixture 
20 with cat. KCN/MeOH. 

A convenient "one-pot" procedure for the synthesis of key 
intermediate 16 involves selective N-phthaloylation with subsequent 
dimethoxytrytilation by DMTCl/EtsN and resulting in the preparation of DMT 
derivative 16 in 85% overall yield as follows. Standard phosphytilation of 

25 16 produced phosphoramidite 17 in 87% yield. One gram of 2*-amino 
nucleoside, for example 2'-amino uridine (US Biochemicals® part # 
77140) was co-evaporated twice from dry dimethyl formamide (Dmf) and 
dried in vacuo overnight. 50 mis of Aldrich sure-seal Dmf was added to the 
dry 2'-amino uridine via syringe and the mixture was stirred for 10 minutes 

30 to produce a clear solution. 1.0 grams (1.05 eq.) of N- 
carbethoxyphthalimide (Nefken's reagent, 98% Jannsen Chimica) was 
added and the solution was stirred overnight. Thin layer chromatography 
(TLC) showed 90% conversion to a faster moving products (10% ETOH in 
CHCI3) and 57 ^il of TEA (0.1 eq.) was added to effect closure of the 

35 phthalimide ring. After 1 hour an additional 855 |j,l (1.5 eq.) of TEA was 
added followed by the addition of 1.53 grams (1.1 eq.) of DMT-CI 
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(Lancaster Synthesis®, 98%). The reaction mixture was left to stir 
overnight and quenched with ETOH after TLC showed greater than 90% 
desired product. Dmf was removed under vacuum and the mixture was 
washed with sodium bicarbonate solution (5% aq., 500 mis) and extracted 
5 with ethyl acetate (2x 200 mis). A 25mm x 300mm flash column (75 grams 
Merck flash silica) was used for purification. Compound eluted at 80 to 
85% ethyl acetate in hexanes (yield: 80% purity: >95% by ''HNMR). 
Phosphoramidites were then prepared using standard protocols described 
above. 

10 With phosphoramidite 17 in hand applicant synthesized several 

ribozymes with 2'-deoxy-2'-amino modifications. Analysis of the synthesis 
demonstrated coupling efficiency in 97-98% range. RNA cleavage activity 
of ribozymes containing 2'-deoxy-2'-amino-U modifications at U4 and/or 
U7 positions (see Figure 1), wherein the 2'-amino positions were either 
15 protected with Fmoc or Pht, was identical. Additionally, complete 
deprotection of 2*-deoxy-2'-amino-Uridine was confirmed by base- 
composition analysis. The coupling efficiency of phosphoramidite 17 was 
not effected over prolonged storage (1-2 months) at low temperatures. 

Protecting 2* Position with a SEM Group 

There follows a method using the 2'-(trimethylsilyl)ethoxymethyl 
protecting group (SEM) in the synthesis of oligoribonucleotides, and in 
particular those enzymatic molecules described above. For the synthesis 
of RNA it is important that the 2'-hydroxyl protecting group be stable 
throughout the various steps of the synthesis and base deprotection. At the 
same time, this group should also be readily removed when desired. To 
that end the f-butyldimethylsilyl group has been efficacious (Usman,N.; 
Ogilvie,K.K.; Jiang,M.-Y.; Cedergren,R.J. J. Am, Chem, Soc. 1987, 109, 
7845-7854 and Scaringe.S.A.; Franklyn,C.; Usman,N. NucL Acids Res, 
1990, 18, 5433-5441). However, long exposure times to tetra-n- 
butylammonium fluoride (TBAF) are generally required to fully remove this 
protecting group from the 2'-hydroxyl. in addition, the bulky alkyi 
substituents can prove to be a hindrance to coupling thereby necessitating 
longer coupling times. Finally, it has been shown that the TBDMS group is 
base labile and is partially deprotected during treatment with ethanolic 
ammonia (Scaringe,S.A.; Frankiyn,C.; Usman,N. NucL Acids Res, 1990, 
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18, 5433-5441 and StawinskiJ.; Stromberg.R.; Thelin.M.; Westman,E. 
Nucleic Acids Res, 1988, 16, 9285-9298). 

The (tnmethylsilyl)ethoxymethyl ether (SEM) seems a suitable 
substitute. This protecting group is stable to base and all but the harshest 
5 acidic conditions. Therefore it is stable under the conditions required for 
oligonucleotide synthesis. It can be readily introduced and the oxygen 
carbon bond makes it unable to migrate. Finally, the SEM group can be 
removed with BFs^OEta very quickly. 

There follows a method for synthesis of RNA by protecting the 2'- 
10 position of a nucleotide during RNA synthesis with a 
(trimethylsilyl)ethoxymethyl (SEM) group. The method can involve use of 
standard RNA synthesis conditions as discussed below, or any other 
equivalent steps. Those in the art are familiar with such steps. The 
nucleotide used can be any normal nucleotide or may be substituted in 
15 various positions by methods well known in the art, e.g., as described by 
Eckstein at aL, International Publication No. WO 92/07065, Perrault et ai, 
Nature 1990, 344, 565-568, Pieken et ah. Science 1991, 253, 314-317, 
Usman,N.; Cedergren,R.J. Trends in Biochem, Sci. 1992, 17, 334-339, 
Usman et al., PCT W093/15187, and Sproat,B. European Patent 
20 Application 921 10298A . 

This invention also features a method for covalently linking a SEM 
group to the 2'-position of a nucleotide. The method involves contacting a 
nucleoside with an SEM-containing molecule under SEM bonding 
conditions. In a preferred embodiment, the conditions are dibutyltin oxide, 
25 tetrabutylammonium fluoride and SEM-CL Those in the art, however, will 
recognize that other equivalent conditions can also be used. 

In another aspect, the invention features a method for removal of an 
SEM group from a nucleoside molecule or an oligonucleotide. The method 
involves contacting the molecule or oligonucleotide with boron trifluoride 
30 etherate (BF3*OEt2) under SEM removing conditions, e.g., in acetonitrile. 

Referring to Figure 19, there is shown the method for solid phase 
synthesis of RNA. A 2',5'-protected nucleotide is contacted with a solid 
phase bound nucleotide under RNA synthesis conditions to form a 
dinucleotide. The protecting group (R) at the 2'-position in prior art 
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methods can be a silyl ether, as shown in the Figure. In the method of the 
present invention, an SEM group is used in place of the silyl ether. 
Otherwise RNA synthesis can be performed by standard methodology. 

Referring to Fioure 19 . there is shown the synthesis of 2'-0-SEM 
5 protected nucleosides and phosphoramadites. Briefly, a 5'-protected 
nucleoside (1 ) is protected at the 2'- or 3'-position by contacting with a 
derivative of SEM under appropriate conditions. Specifically, those 
conditions include contacting the nucleoside with dibutyltin oxide and SEM 
chloride. The 2 regioisomers are separated by chromatography and the 2- 
10 protected moiety is converted into a phosphoramidite by standard 
procedure. The 3'-protected nucleoside is converted into a succinate 
derivative suitable for derivatization of a solid support. 

Referring to Figure 20, a prior art method for deprotection of RNA using silyl 
ethers is shown. This contrasts with the method shown in Figure 21 in 

1 5 which deprotection of RNA containing an SEM group is performed. In step 
1 , the base protecting groups and cyanoethyl groups are removed by 
standard procedure. The SEM group is then removed as shown in the 
Figure. The details of the synthesis of phosphoramidites and SEM 
protected nucleosides and their use in synthesis of oligonucleotides and 

20 subsequent deprotection of 

Example 14: Synthesis of 2' -0-fftrlmethvlsilvi^ethoyymethv!\-fi'-0. Hi- 
methoxvtritvl Uridine ^2^ 

Referring to Figure 19. 5-O-dimethoxytrityl uridine 1 (1.0 g, 1.83 
mmol) in CH3CN (18 mL) was added dibutyltin oxide (1.0 g. 4.03 mmol) 

25 and TBAF (1 M, 2.38 mL, 2.38 mmol). The mixture was stirred for 2 h at RT 
(about 20-25^C) at which time (trimethylsilyl)ethoxymethyl chloride (SEM- 
Cl) (487 ^L, 2.75 mmol) was added. The reaction mixture was stirred 
overnight and then filtered and evaporated. Flash chromatography (30% 
hexanes in ethyl acetate) yielded 347 mg (28.0%) of 2'-hydroxyl protected 

30 nucleoside 2 and 314 mg (25.3%) of 3'-hydroxyl protected nucleoside 3. 

Exampl e 15: Synthesis of 2'-0-fftrimethvlsilvnethoyvmethvi^ lJriHing> ( a) 



in Figure 19. 



Nucleoside 2 was detritylated following standard methods, as shown 
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Example 16: Synthesis of 2'- C>-r(trimethvlsilvnfithnxymethvl)-fi' .^'-Q-Acetyl 
Uridine (5) 

Nucleoside 4 was acetylated following standard methods, as shown 
in Figure 19 . 

5 Example 17: Synthesi s of 5'.3'-0-Acetvl Uridinft ( R) 

Referring to Figgre 19. the fully protected uridine 5 (32 mg. 0.07 
mmol) was dissolved in CH3CN (700 jiL) and BFa'OEta (17.5 ^iL, 0.14 
mmol) was added. The reaction was stirred 1 5 m and MeOH was added to 
quench the reaction. Flash chromatography (5% MeOH in CH2CI2) gave 
0 20 mg (88%) of SEM deprotected nucleoside 6. 

Example 18: Synthesis of 2'-0 .(ftrimRthylsl|vnethQxvmethvh-3'-0. 
Succinyl-5'-0- Dimethoxytritvl Uridine 12) 

Nucleoside 3 was succinylated and coupled to the support followina 
standard procedures, as shown in Figure 1 9. 

5 Example 19: Synthesis of 2'-0-rrtrimethvlsilvnathoxvmethyh-5'-0. ni- 
methoxytritvl Uridine 3'-f2-Cvanoflt hvl /V.A/-diifinpropvlnhnsphoramiditfi^ 

m 

Nucleoside 3 was phosphitylated following standard methods, as 
shown in Figure 19 . 

Example 20: Synthesi s of RNA Using 2'-0-SEM Protef^tinn 

Referring to Figure 18, the method of synthesis used follows the 
general procedure for RNA synthesis as described in Usman.N.; 
Ogilyie.K.K.; Jiang.M.-Y.; Cedergren.R.J. J. Am. Chem. Soc. 1987. 109, 
7845-7854 and in Scaringe.S.A.; Franklyn.C; Usman.N. Nucl. Acids Res. 
1990, 18. 5433-5441. The phosphoramidite 8 was coupled following 
standard RNA methods to provide a 10-mer of uridylic acid. Syntheses 
were conducted on a 394 (ABI) synthesizer using a modified 2.5 jimol 
scale protocol with a 10 m coupling step. A thirteen-fold excess (325 ^iL of 
0.1 M = 32.5 ^imol) of phosphoramidite and a 80-fold excess of tetrazole 
(400 iiL of 0.5 M = 200 ^mol) relative to polymer-bound 5'-hydroxyl was 
used in each coupling cycle. Average coupling yields on the 394. 
determined by colorimetric quantitation of the trityl fractions, were 98-99%.' 
Other oligonucleotide synthesis reagents for the 394: Detritylation solution 
was 2% TCA in methylene chloride; capping was performed with 16% N- 
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Methyl imidazole in THF and 10% acetic anhydride/10% 2,6-iutidine in 
THF; oxidation solution was 16.9 mM I2, 49 mM pyridine, 9% water in THF. 
Fisher Synthesis Grade acetonitrile was used directly from the reagent 
bottle. 

5 Referring to Figure 21 . the homopolymer was base deprotected with 

NH3/EtOH at 65 "^C. The solution was decanted and the support was 
washed twice with a solution of 1:1:1 H20:CH3CN:MeOH. The combined 
solutions were dried down and then diluted with CH3CN (1 mL). BFa^OEta 
(2.5 |xL, 30 iimol) was added to the solution and aliquots were removed at 
10 ten time points. The results indicate that after 30 min deprotection is 
complete, as shown in Figure 22. 

III. Vectors Expressing Ribozymes 

There follows a method for expression of a ribozyme in a bacterial or 
eucaryotic cell, and for production of large amounts of such a ribozyme. In 

15 general, the invention features a method for preparing multi-copy cassettes 
encoding a defined ribozyme structure for production of a ribozyme at a 
decreased cost. A vector is produced which encodes a plurality of 
ribozymes which are cleaved at their 3' and 5* ends from an RNA transcript 
producted from the vector by only one other ribozyme. The system is useful 

20 for scaling up production of a ribozyme, which may be either modified or 
unmodified, in situ or in vitro. Such vector systems can be used to express 
a desired ribozyme in a specific cell, or can be used in an in vitro system to 
allow productiuon of large amounts of a desired riboqyne, The vectors of 
this invention allow a higher yield synthesis of a ribozyme in the form of an 

25 RNA transcript which is cleaved in situ or in vitro before or after transcript 
isolation. 

Thus, this invention is distinct from the prior art in that a single 
ribozyme is used to process the 3' and 5' ends of each therapeutic, trans- 
acting or desired ribozyme instead of processing only one end, or only one 
30 ribozyme. This allows smaller vectors to be derived with multiple trans- 
acting ribozymes released by only one other ribozyme from the mRNA 
transcript. Applicant has also provided methods by which the activity of 
such ribozymes is increased compared to those in the art, by designing 
ribozyme-encoding vectors and the corresponding transcript such that 
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folding of the mRNA does not interfere with processing by the releasing 
ribozyme. 

The stability of the ribozyme produced in this nnethod can be 
enhanced by provision of sequences at the tennini of the ribozymes as 
described by Draper et al., PCT WO 93/23509, hereby incorporated by 
reference herein. 

The method of this invention is advantageous since it provides high 
yield synthesis of ribozymes by use of low cost transcription-based 
protocols, compared to existing chemical ribozyme synthesis, and can use 
isolation techniques currently used to purify chemically synthesized 
oligonucleotides. Thus, the method allows synthesis of ribozymes in high 
yield at low cost for analytical, diagnostic, or therapeutic applications. 

The method is also useful for synthesis of ribozymes in vitro for 
ribozyme structural studies, enzymatic studies, target RNA accessibility 
studies, transcription inhibition studies and nuclease protection studies, 
much is described by Draper et al., PCT WO 93/23509 hereby incorporated 
by reference herein. 

The method can also be used to produce ribozymes in situ either to 
increase the intracellular concentration of a desired therapeutic ribozyme, 
or to produce a concatameric transcript for subsequent in vitro isolation of 
unit length ribozyme. The desired ribozyme can be used to inhibit gene 
expression in molecular genetic analyses or in infectious cell systems, and 
to test the efficacy of a therapeutic molecule or treat afflicted cells. 

Thus, in general, the invention features a vector which includes a 
bacterial, viral or eucaryotic promoter within a plasmid. cosmid, phagmid, 
virus, viroid, virusoid or phage vector. Other vectors are equally suitable 
and include double-stranded, or partially double-stranded DNA, formed by 
an amplification method such as the polymerase chain reaction, or double- 
stranded, partially double-stranded or single-stranded RNA, formed by site- 
directed homologous recombination into viral or viroid RNA genomes. 
Such vectors need not be circular. Transcriptionally linked to the promoter 
region is a first ribozyme-encoding region, and nucleotide sequences 
encoding a ribozyme cleavage sequence which is placed on either side of 
a region encoding a therapeutic or othenwise desired second ribozyme. 




wo 95/23225 PCT/IB95/00156 

83 

Suitable restriction endonuclease sites can be provided to ease 
construction of this vector in DNA vectors or in requisite DNA vectors of an 
RNA expression system. The desired second ribozyme may be any 
desired type of ribozyme, such as a hammerhead, hairpin , hepatitis delta 
5 virus (HDV) or other catalytic center, and can include group I and group II 
introns. as discussed above. The first ribozyme is chosen to cleave the 
encoded cleavage sequence, and may also be any desired ribozyme, for 
example, a Tetrahymena derived ribozyme, which may, for example, 
include an imbedded restriction endonuclease site in the center of a self- 
1 0 recognition sequence to aid in vector construction. This endonuclease site 
is useful for construction of the vector, and subsequent analysis of the 
vector. 

When the promoter of such a vector is activated an RNA transcript is 
produced which includes the first and second ribozyme sequences. The 
15 first ribozyme sequence is able to act. under appropriate conditions, to 
cause cleavage at the cleavage sites to release the second ribozyme 
sequences. These second ribozyme sequences can then act at their target 
RNA sites, or can be isolated for later use or analysis. 

Thus, in one aspect the invention features a vector which includes a 
20 first nucleic acid sequence (encoding a first ribozyme having 
intramolecular cleaving activity), and a second nucleic acid sequence 
(encoding a second ribozyme having intermolecular cleaving enzymatic 
activity) flanked by nucleic acid sequences encoding RNA which is cleaved 
by the first ribozyme to release the second ribozyme from the RNA 
25 transcript encoded by the vector. The second ribozyme may be flanked by 
the first ribozyme either on the 5' side or 3' side. If desired, the first 
ribozyme may be encoded on a separate vector and may have 
intermolecular cleaving activity. 

As discussed above, the first ribozyme can be chosen to be any seif- 
30 cleaving ribozyme, and the second ribozyme may be chosen to be any 
desired ribozyme. The flanking sequences are chosen to Include 
sequences recognized by the first ribozyme. When the vector is caused to 
express RNA from these nucleic acid sequences, that RNA has the ability 
under appropriate conditions to cleave each of the flanking regions and 
35 thereby release one or more copies of the second ribozyme. If desired, 
several different second ribozymes can be produced by the same vector, or 
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several different vectors can be placed in the same vessel or cell to 
produce different ribozymes. 

In preferred embodinnents, the vector includes a plurality of the nucleic 
acid sequences encoding the second ribozyme. each flanked by nucleic 
5 acid sequences recognized by the first ribozyme. Most preferably, such a 
plurality includes at least six to nine or even between 60- 100 nucleic acid 
sequences. In other preferred embodiments, the vector includes a 
promoter which regulates expression of the nucleic acid encoding the 
ribozymes from the vector; and the vector is chosen from a plasmid, 

10 cosmid, phagmid, virus, viroid or phage. In a most preferred embodiment, 
the plurality of nucleic acid sequences are identical and are arranged in 
sequential order such that each has an identical end nearest to the 
promoter. If desired, a poly(A) sequence adjacent to the sequence 
encoding the first or second ribozyme may be provided to increase stability 

15 of the RNA produced by the vector; and a restriction endonuclease site 
adjacent to the nucleic acid encoding the first ribozyme is provided to allow 
insertion of nucleic acid encoding the second ribozyme during construction 
of the vector. 

In a second aspect, the invention features a method for formation of a 
20 ribozyme expression vector by providing a vector including nucleic acid 
encoding a first ribozyme, as discussed above, and providing a single- 
stranded DNA encoding a second ribozyme, as discussed above. The 
single-stranded DNA is then allowed to anneal to form a partial duplex 
DNA which can be filled in by a treatment with an appropriate enzyme, 
25 such as a DNA polymerase in the presence of dNTPs, to fonn a duplex 
DNA which can then be ligated to the vector. Large vectors resulting from 
this method can then be selected to insure that a high copy number of the 
single-stranded DNA encoding the second ribozyme is incorporated into 
the vector. 

30 In a further aspect, the invention features a method for production of 

ribozymes by providing a vector as described above, expressing RNA from 
that vector, and allowing cleavage by the first ribozyme to release the 
second ribozyme. 

In preferred embodiments, three different ribozyme motifs are used as 
35 cis-cleaving ribozymes. The hammerhead, hairpin, and hepatitis delta 
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virus (HDV) ribozyme motifs consist of small, well-defined sequences that 
rapidly self-cleave in vitro (Symons, 1992 Annu. Rev. Biochem. 61, 641). 
While structural and functional differences exist among the three ribozyme 
motifs, they self-process efficiently in vivo. All three ribozyme motifs self- 
5 process to 87-95% completion in the absence of 3* flanking sequences. In 
vitro, the self-processing constructs described in this invention are 
significantly more active than those reported by Taira et al., 1990 supra : 
and Altschuler et al., 1992 Gene 122, 85. The present invention enables 
the use of cis-cleaving ribozymes to efficiently truncate RNA molecules at 
10 specific sites in vivo by ensuring lack of secondary structure which 
prevents processing. 

Isolation of Therapeutic Ribozvme 

The preferred method of isolating therapeutic ribozyme is by a 
chromatographic technique. The HPLC purification methods and reverse 

15 HPLC purification methods described by Draper et al., PCT WO 93/23509, 
hereby incorporated by reference herein, can be used. Alternatively, the 
attachment of complementary oligonucleotides to cellulose or other 
chromatography columns allows isolation of the therapeutic second 
ribozyme, for example, by hybridization to the region between the flanking 

20 arms and the enzymatic RNA. This hybridization will select against the 
short flanking sequences without the desired enzymatic RNA, and against 
the releasing first ribozyme. The hybridization can be accomplished in the 
presence of a chaotropic agent to prevent nuclease degradation. The 
oligonucleotides on the matrix can be modified to minimize nuclease 

25 activity, for example, by provision of 2'-0-methyI RNA oligonucleotides. 
Such modifications of the oligonucleotide attached to the column matrix will 
allow the multiple use of the column with minimal oligo degradation. Many 
such modifications are known in the art, but a chemically stable non- 
reducible modification is preferred. For example, phosphorothioate 

30 modifications can also be used. 

The expressed ribozyme RNA can be isolated from bacterial or 
eucaryotic cells by routine procedures such as . lysis followed by guanidine 
isothiocyanate isolation. 



35 



The current known self-cleaving site of Tetrahymena can be used in 
an alternative vector of this invention. If desired, the full-length 
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Tetrahymena sequence may be used, or a shorter sequence may be used. 
It is preferred that, in order to decrease the superfluous sequences in the 
self-cleaving site at the 5' cleavage end, the hairpin normally present in the 
Tetrahymena ribozyme should contain the therapeutic second ribozyme 3' 
sequence and Its complement. That is, the first releasing ribozyme- 
encoding DNA is provided in two portions, separated by DNA encoding the 
desired second ribozyme. For example, if the therapeutic second ribozyme 
recognition sequence is CGGACGA/CGAGGA, then CGAGGA is provided 
in the self-cleaving site loop such that it is in a stem structure recognized by 
the Tetrahymena ribozyme. The loop of the stem may include a restriction 
endonuclease site into which the desired second ribozyme-encoding DNA 
is placed. 

If desired, the vector may be used in a therapeutic protocol by use of 
the systems described by Lechner, PCT WO 92/13070, hereby 
incorporated by reference herein, to allow a timed expression of the 
therapeutic second ribozyme. as well as an appropriate shut off of cell or 
gene function. Thus, the vector will include a promoter which appropriately 
expresses enzymatically active RNA only in the presence of an RNA or 
another molecule which indicates the presence of an undesired organism 
or state. Such enzymatically active RNA will then kill or hami the cell in 
which it exists, as described by Lechner, id., or act to cause reduced 
expression of a desired protein product. 

A number of suitable RNA vectors may also be used in this invention. 
The vectors include plant viroids, plant viruses which contain single or 
double-stranded RNA genomes and animal viruses which contain RNA 
genomes, such as the picornaviruses, myxoviruses, paramyxoviruses, 
hepatitis A virus, reovirus and retroviruses. In many instances cited, use of 
these viral vectors also results in tissue specific delivery of the ribozymes. 

Example 21: Desig n of self-processing cassettes 

In a preferred embodiment, applicant compared the in vitro and in 
vivo cis-cleaving activity of three different ribozyme motifs-the 
hammerhead, the hairpin and the hepatitis delta virus ribozyme-in order to 
assess their potential to process the ends of transcripts in vivo. To make a 
direct comparison among the three, however, it is important to design the 
ribozyme-containing transcripts to be as similar as possible. To this end. 
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all the ribozyme cassettes contained the same trans-acting hammerhead 
ribozyme followed immediately by one of the three cis-acting ribozymes 
(Figure 23-25). For simplicity, applicant refers to each cassette by an 
abbreviation that indicates the downstream cis-cleaving ribozyme only. 
Thus HH refers to the cis-cleaving cassette containing a hammerhead 
ribozyme, while HP and HDV refer to the cassettes containing hairpin and 
hepatitis delta virus cis-cleaving ribozymes, respectively. The general 
design of the ribozyme cassettes, as well as specific differences among the 
cassettes, are outlined below. 

A sequence predicted to form a stable stem-loop structure is included 
at the 5' end of all the transcripts. The hairpin stem contains the T7 RNA 
polymerase initiation sequence (Milligan & Uhienbeck. 1989 Methods 
Enzymol. 180, 51) and its complement, separated be a stable tetra-loop 
(Antao et aL, 1991 Nucleic Acids Res. 19. 5901). By incorporating the T7 
initiation sequence into a stem-loop structure, applicant hoped to avoid 
nonproductive base pairing interactions with either the trans-acting 
ribozyme or with the cis-acting ribozyme. The presence of a hairpin at the 
end of a transcript may also contribute to the stability of the transcript in 
vivo. These are non-limiting examples. Those in the art will recognize that 
other embodiments can be readily generated using a variety of promoters, 
initiator sequences and stem-loop structure combinations generally known 
in the art. 

The trans-acting ribozyme used in this study is targeted to a site B 
(5' "CUGGAGUC^GACCUUC--3*). The 5' binding arm of the ribozyme, 5'- 
GAAGGUC-3'. and the core . of the ribozyme, 5'- 
CUGAUGAGGCCGAAAGGCCGAA-3\ remain constant in afl cases. In 
addition, all transcripts also contain a single nucleotide between the 5' 
stem-loop and the first nucleotide of the ribozyme. The linker nucleotide 
was required to obtain the same activity in vitro that was measured with an 
identical ribozyme lacking the 5' hairpin. Because the three cis-cleaving 
ribozymes have different requirements at the site of cleavage, slight 
differences were unavoidable at the 3' end of the processed transcript. The 
junction between the trans- and cis-acting ribozyme is, however, designed 
so that there is minimal extraneous sequence left at the 3' end of the trans- 
cleaving ribozyme once cis-cleavage occurs. The only differences 
between the constructs lie in the 3' binding arm of the ribozyme. where 
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either 6 or 7 nucleotides, 5'-ACUCCA(+/-G)-3\ complementary to the target 
sequence are present and where, after processing, two to five extra 
nucleotides remain. 

The cis-cleaving hammerhead ribozyme used in the HH cassette is 
5 based on the design of Grosshans and Cech, 1991 supra . As shown in 
Figure 23, the 3' binding arm of the trans-acting ribozyme is included in the 
required base-pairing interactions of the cis-cleaving ribozyme to form stem 
I. Two extra nucleotides, UC, were included at the end of the 3' binding 
arm to form the self-processing hammerhead ribozyme site (Ruffner et al., 
10 1990 supra) which remain on the 3' end of the trans-acting ribozyme 
following self-processing. 

The hairpin ribozyme portion of the HP self-processing construct is 
based on the minimal wild-type sequence (Hampel & Tritz, 1989 supra ). A 
tetra-loop at the end of helix 1 (3* side of the cleavage site) serves to link 

1 5 the two portions and thus allows a minimal five nucleotides to remain at the 
end of the released trans-acting ribozyme following self-processing. Two 
variants of HP were designed: HP{GU) and HP(GC). The HP(GU) was 
constructed with a G U wobble base pair in helix 2 (A52G substitution; 
Figure 24). This slight destabiiization of helix 2 was intended to improve 

20 self-processing activity by promoting product release and preventing the 
reverse reaction (Berzal-Herranz et al.. 1992 Genes & Dev. 6, 129; 
Chowrira et al., 1993 Biochemistry 32, 1088). The HP(GC) cassette was 
constructed as a control for strong base-pairing interactions in helix 2 
{U77C and A52G substitution; Fioure 24 ). Another modification to 

25 discourage the reverse ligation reaction of the hairpin ribozyme was to 
shorten helix 1 ( Figure 24 ) by one base pair relative to the wild-type 
sequence (Chowrira & Burke. 1991 Biochemistry 30, 8518). 

The HDV ribozyme self-processes efficiently when the nucleotide 5' to 
the cleavage site is a pyrimidine, and somewhat less so when adenosine is 

30 in that position. No other sequence requirements have been identified 
upstream of the cleavage site, however, we have observed some decrease 
in activity when a stem-loop structure was present within 2 nt of the 
cleavage site. The HDV self-processing construct (Fig_25) was designed to 
generate the trans-acting hammerhead ribozyme with only two additional 

35 nucleotides at its 3' end after self-processing. The HDV sequence used 
here is based on the anti-genomic sequence (Perrota & Been, 1992 supra ) 
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but includes the modifications of Been et al., 1992 ( Biochemistry 31, 
11843) in which cis-cieavage activity of the ribozyme was Improved by the 
substitution of a shortened helix 4 for a wild-type stem-loop (Figure25). 

To prepare DNA inserts that encode self-processing ribozyme 
cassettes, partially overlapping top- and bottom-strand oligonucleotides 
(60-90 nucleotides) were designed to include sequences for the T7 
promoter, the trans-acting ribozyme, the cis-cleaving ribozyme and 
appropriate restriction sites for use in cloning ( see Fia. 26 ). The single- 
strand portions of annealed oligonucleotides were converted to double- 
strands using Sequenase® (U.S. Biochemicals). Insert DNA was ligated 
into Ecof?y/H/ndlil-digested puc18 and transformed into E. co// strain DH5a 
using standard protocols (Maniatis et al., 1982 in Molecular Cloning Cold 
Spring Harbor Press). The identity of positive clones was confirmed by 
sequencing small-scale plasmid preparations. 

Larger scale preparations of plasmid DNA for use as in vitro 
transcription templates and in transactions were prepared using the 
protocol and columns from QIAGEN Inc. (Studio City, CA) except that an 
additional ethanol precipitation was included as the final step. 

Example 22: RNA Processing in vitro 

Transcription reactions containing linear plasmid templates were 
carried out essentially as described (Milligan & Uhlenbeck. 1989 Supra : 
Chowrira & Burke, 1991 Supra ). In order to prepare 5' end-labeled 
transcripts, standard transcription reactions were carried out in the 
presence of 10-20 ^Ci [y-^^pjQTP, 200 fxM each NTP and 0.5 to 1 ^g of 
linearized plasmid template. The concentration of MgCl2 was maintained 
at 10 mM above the total nucleotide concentration. 

To compare the ability of the different ribozyme cassettes to self- 
process in vitro, each construct was transcribed and allowed to undergo 
self-processing under identical conditions at 37^C. For these comparisons, 
equal amounts of linearized DNA templates bearing the various ribozyme 
cassettes were transcribed in the presence of [y-S^pjGjp xo generate 5' 
end-labeled transcripts. In this manner only the full-length, unprocessed 
transcripts and the released trans-ribozymes are visualized by 
autoradiography. In all reactions. Mg2+ was included at 10 mM above the 
nucleotide concentration so that cleavage by all the ribozyme cassettes 



wo 95/23225 PCT/IB95/00156 



90 

would be supported. Transcription templates were linearized at several 
positions by digestion with different restriction enzymes so that seif- 
processing in the presence of increasing lengths of downstream sequence 
could be compared ( see Fig. 26 ). The resulting transcripts have either 4-5 
5 non-ribozyme nucleotides at the 3' end (H/ndlll-digested template), 220 
nucleotides {Nde\ digested templates) or 454 nucleotides of downstream 
sequence (f?cal digested template). 

As shown in Fioure 27 . all four ribozyme cassettes are capable of self- 
processing and yield RNA products of expected sizes. Two nucleotides 

10 essential for hammerhead ribozyme activity (Ruffner et al., 1990 supra ) 
have been changed In the HH(mutant) core sequence (see Fioure 23 ^ and 
so this transcript is unable to undergo self-processing ( Fio. 27 ). This is 
evidenced by the lack of a released 5' RNA in the HH(mutant), although the 
full-length RNAs are present . Comparison of the amounts of released 

15 trans-ribozyme ( Fig. 27 ) indicate that there are differences in the ability of 
these ribozymes to self-process in vitro, especially with respect to the 
presence of downstream sequence. For the two HP constructs, it is clear 
that HP(GC) is more efficient than the HP(GU) ribozyme. both in the 
presence and in the absence of extra downstream sequence. In addition, 

20 the activity of HP(GU) falls off more dramatically when downstream 
sequence is present. The stronger G:C base pair likely contributes to the 
HP(GC) construct's ability to fold correctly (and/or more quickly) into the 
productive structure, even when as much as 216 extra nucleotides are 
present downstream. The HH ribozyme construct is also quite efficient at 

25 self-processing, and slightly better than the HP(GU) construct even when 
downstream sequence is present. 

Of the three ribozyme motifs, the presence of extra downstream 
. sequence seems to mo^st affect the efficiency of HDV, When no extra 
sequence rs present downstream, HDV is quite efficient and self-processes 
30 to approximately the same level as the HH and HP(GC) cassettes. 
However, when extra downstream sequence is present, the self-processing 
activity seems to decrease almost as dramatically as is seen with the (sub- 
optimal) HP(GU) cassette. 
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Example 23: Kinetics of self-processing reaction 

H/ndlli-digested template (250 ng) was used in a standard 
transcription reaction mixture containing: 50 mM Tris-HCI pH 8.3; 1 mM 
ATP, GTP and UTP; 50 ^iM CTP; 40 ^iCi [a-32p]CTP; 12 mM MgCl2; 10 mM 
5 DTT. The transcription/self-processing reaction was initiated by the 
addition of T7 RNA polymerase (15 U/^il). Aliquots of 5 |il were taken at 
regular time intervals and the reaction was stopped by adding an equal 
volume of 2x formamide loading buffer (95% formamide, 15 mM EDTA, & 
dyes) and freezing on dry ice. The samples were resolved on a 10% 
10 polyacrylamide sequencing gel and results were quantitated by 
Phosphorlmager (Molecular Dynamics, Sunnyvale, CA). Ribozyme self- 
cleavage rates were determined from non-linear, least-squares fits 
(KaleidaGraph, Synergy Software,Reeding, PA) of the data to the equation: 

(Fraction Uncleaved Transcript) = (1-e"*^) 

15 where t represents time and k represents the unimolecular rate 

constant for cleavage (Long & Uhlenbeck, 1994 Proc. Natl. Acad. Sci. USA 
91, 6977). 

Linear templates were prepared by digesting the plasmids with H/ndlll 
so that transcripts will contain only four to five vector-derived nucleotides at 

20 the 3' end ( see Figure 23-25 ). By comparison of the unimolecular rate 
constant (k) detemnined for each construct, it is clear that HH is the most 
efficient at self-processing ( Table 44 ). The HH transcript self-processes 2- 
fold faster than HDV and 3-fold faster than HP(GC) transcripts. Although 
the HP{GU) RNA undergoes self-processing, it is at least 6-fold slower than 

25 the HP(GC) construct. This is consistent with previous observations that 
the stability of helix 2 is essential for self-processing and trans-cleavage 
activity of the hairpin ribozyme (Hampel et al., 1990 supra : Chowrira & 
Burke, 1991 supra ). The rate of HH self-cleavage during transcription 
measured here (1.2 min"1) is similar to the rate measured by Long and 

30 Uhlenbeck 1994 supra using a HH that has a different stem I and stem III. 
Self-processing rates during transcription for HP and HDV have not been 
previously reported. However, self-processing of the HDV ribozyme-as 
measured here during transcription-is significantly slower than when 
tested after isolation from a denaturing gel (Been et al., 1992 supra ^. This 

35 decrease likely reflects the difference in protocol as well as the presence of 
5' flanking sequence in the HDV construct used here. 
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Example 24: Effect of downstream sequences on trans-cleavaae in vitro 

Transcripts containing the trans ribozyme with or without 3' flanking 
sequences were assayed for their ability to cleave their target in trans. To 
this end, transcripts from three templates were resolved on a preparative 
5 gel and bands corresponding both to processed trans-acting ribozymes 
from the HH transcription reaction, and to full-length HH(mutant) and AHDV 
transcripts were isolated. In all three transcripts the trans-acting ribozyme 
portion is identical-with the exception of sequences at their 3' ends. The 
HH trans-acting ribozyme contains only an additional UC at its 3' end, 
1 0 while HH(mutant) and AHDV have 52 and 37 nucleotides, respectively, at 
their 3' ends. A 622 nucleotide, internally-labeled target RNA was 
incubated, under ribozyme excess conditions, along with the three 
ribozyme transcripts in a standard reaction buffer. 

To make internally-labeled substrate RNA for trans-ribozyme 
1 5 cleavage reactions, a 622 nt region (containing hammerhead site P) was 
synthesized by PGR using primers that place the T7 RNA promoter 
upstream of the amplified sequence. Target RNA was transcribed in a 
standard transcription buffer in the presence of [a-32p]CTP (Chowrira & 
Burke, 1991 supra ). The reaction mixture was treated with 15 units of 
20 ribonuclease-free DNasel, extracted with phenol followed 
chloroformrisoamyl alcohol (25:1), precipitated with isopropanol and 
washed with 70% ethanol. The dried pellet was resuspended in 20 ^il 
DEPC-treated water and stored at -20°C. 

Unlabeled ribozyme (1m.M) and intemally labeled 622 nt substrate 
25 RNA (<10 nM) were denatured and renatured separately in a standard 
cleavage buffer (containing 50 mM Tris-HCI pH 7.5 and 10 mM MgCl2) by 
heating to 90°C for 2 min. and slow cooling to 37°C for 10 min. The 
reaction was initiated by mixing the ribozyme and substrate mixtures and 
incubating at 37^C. Aliquots of 5 ^1 were taken at regular time intervals, 
30 quenched by adding an equal volume of 2X formamide gel loading buffer 
and frozen on dry ice. The samples were resolved on 5% polyacrylamide 
sequencing gel and results were quantitatively analyzed by radioanalytic 
imaging of gels with a Phosphorlmager® (Molecular Dynamics, Sunnyvale 
CA). 



35 



The HH trans-acting ribozyme cleaves the target RNA approximately 
10-fold faster than the AHDV transcript and greater than 20-fo!d faster than 
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the HH{mutant) transcript ( Figure 28^ . The additional nucleotides at the 
end of HH(mutant) form 7 base-pairs with the 3' target-binding arm of the 
trans-acting ribozynne ( Figure 23 ). This interaction must be disrupted (at a 
cost of 6 kcal/mole) to make the trans-acting ribozyme available for binding 
5 the target sequence. In contrast, the additional nucleotides at the end of 
AHDV were not designed to fomn any strong, alternative base-pairing with 
the trans-ribozyme. Nevertheless, the AHDV sequences are predicted to 
form multiple structures involving the 3' target-binding arm of the trans 
ribozyme that have stabilities ranging from 1-2 kcal/mole. Thus, the 
1 0 observed reductions in activity for the AHDV and HH(mutant) constructs are 
consistent with the predicted folded structures, and it reinforces the view 
that the flanking sequences can decrease the catalytic efficiency of a 
ribozyme through nonproductive interactions with either the ribozyme or 
the substrate or both. 

15 Example 25: RNA self-processing in vivo 

Since three of the constructs (HH, HDV and HP(GC)) self-process 
efficiently in solution, the affect of the mammalian cellular milieu on 
ribozyme self-processing was next explored by applicant. A transient 
expression system was employed to investigate ribozyme activity in vivo, A 
20 mouse cell line (OST7-1) that constitutively expresses T7 RNA polymerase 
in the cytoplasm was chosen for this study (EIroy-Stein and Moss, 1990 
Proc. Natl. Acad. $ci. UgA 87, 6743). In these cells plasmids containing a 
ribozyme cassette downstream of the T7 promoter will be transcribed 
efficiently in the cytoplasm (Eiroy-Stein & Moss, 1990 supra ). 

25 Monolayers of a mouse L9 fibroblast cell line (OST7-1; EIroy-Stein 

and Moss, 1990 supra) were grown in 6-well plates with - 5x1 0^ cells/well. 
Cells were transfected with circular plasmids (5 ^g/well) using the calcium 
phosphate-DNA precipitation method (Maniatis et al., 1982 supra ). Cells 
were lysed (4 hours post-transfection) by the addition of standard lysis 

30 buffer (200 ^il/weil) containing 4M guanadinium isothiocyanate, 25 mM 
sodium citrate (pH 7.0), 0.5% sarkosyi (Chomczynski and Sacchi. 1987 
Anal. Biochem. 162, 156), and 50 mM EDTA pH 8.0. The lysate was 
extracted once with water-saturated phenol followed by one extraction with 
chloroform:isoamyl alcohol (25:1). Total cellular RNA was precipitated with 

35 an equal volume of isopropanol. The RNA pellet was resuspended in 0.2 
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M ammonium acetate and reprecipitated with ethanol. The pellet was then 
washed with 70% ethanol and resuspended in DEPC-treated water. 

Purified cellular RNA (3 ^g/reaction) was first denatured in the 
presence of a 5' end-labeled DNA primer {100 pmol) by heating to 90^*0 for 
5 2 min. in the absence of Mg2+, and then snap-cooling on ice for at least 15 
min. This protocol allows for efficient annealing of the primer to its 
complementary RNA sequence. The primer was extended using 
Superscript II reverse transcriptase (8 U/|liI; BRL) in a buffer containing 50 
mM Tris-HCI pH 8.3; 10 mM DTT; 75 mM KCl; 1 mM MgCl2; 1 mM each 

10 dNTP, The extension reaction was carried out at 42''C for 10 min. The 
reaction was terminated by adding an equal volume of 2x formamide gel 
loading buffer and freezing on crushed dry ice. The samples were 
resolved on a 10% polyacrylamide sequencing gel. The primer sequences 
are as follows: HH primer. 5'-CTCCAGTTTCGAGCTTT-3'; HDV primer, 5'- 

15 AAGTAGCCCAGGTCGGACC-3'; HP primer, 5'- 
AGCAGGTAATATACCACAAC-3'. 

As shown in Fioure 29. specific bands corresponding to full-length 
precursor RNA and 3* cleavage products were detected from cells 
transfected with the self-processing cassettes. All three constructs, in 
20 addition to being transcriptionally active, appear to self-process efficiently 
In the cytoplasm of OST7-1 cells. In particular, the HH and HP(GC) 
constructs self-process to greater than 95%. The overall extent of self- 
processing in OST7-1 cells appears to be strikingly similar to the extent of 
self-processing in vitro (Figure 29 "In Vitro +MgCl2" vs. "Cellular"). 

25 Consistent with the in vitro self-processing results, the HP(GU) 

cassette self-processed to approximately 50% in OST7-1 cells. As 
expected, transfection with plasmids containing the HH(mutant) cassette 
yielded a primer-extension product corresponding to the full-length RNA 
with no detectable cleavage products (Figure 2m . The latter result strongly 

30 suggests that the primer extension band corresponding to the 3" cleavage 
product is not an artifact of reverse transcription. 

Applicant was concerned with the possibility that RNA self-processing 
might occur during cell lysis, RNA isolation and /or the primer extension 
assay. Two precautions were taken to exclude this possibility. First, 50 mM 
35 EDTA was included in the lysis buffer. EDTA is a strong chelator of divalent 
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metal ions such as Mg2+ and Ca2+ that are necessary for ribozyme 
activity. Divalent metal ions are therefore unavailable to self-processing 
RNAs following cell lysis. A second precaution involved using primers in 
the primer-extension assay that were designed to hybridize to essential 
5 regions of the processing ribozyme. Binding of these primers should 
prevent the 3' cis-acting ribozymes from folding into the conformation 
essential for catalytic activity. 

Two experiments were carried out to further eliminate the possibility 
that self-processing is occurring either during RNA preparations or during 

10 the primer extension analysis. The first experiment involves primer 
extension analysis on full-length precursor RNAs that were added to non- 
transfected OST7-1 iysates after cell lysis. Thus, only if self-processing is 
occurring at some point after lysis would cleavage products be detected. 
Full-length precursor RNAs were prepared by transcribing under conditions 

15 of low Mg2+ (5 mM) and high NTP concentration (total 12 mM) In an 
attempt to eliminate the free Mg2+ required for the self-processing reaction 
(Michel et al. 1992 Genes & Dev. 6, 1373). The full-length precursor RNAs 
were gel-purified, and a known amount was added to Iysates of non- 
transfected OST7-1 cells. RNA was purified from these iysates and 

20 incubated for 1 hr in DEPC-treated water at 37° C prior to the standard 
primer extension analysis ( Figure 29 . in vitro "-MgCl2" control). The 
predominant RNA detected in all cases corresponds to the primer 
extension product of full-length precursor RNAs. If, instead, the purified 
RNA containing the full-length precursor is incubated in 1 0 mM MgCl2 prior 

25 to the primer extension analysis, most or all of the RNA detected by primer 
extension analysis undergoes cleavage (Fiaure 29 . in vitro "+MgCi2" 
control). These results indicate that the standard RNA isolation and primer 
extension protocols used here do not provide a favorable environment for 
RNA self-processing, even though the RNA in question is inherently able to 

30 undergo self-cleavage. 

in a second experiment to demonstrate lack of self-processing during 
work up, internally-labeled precursor RNAs were prepared and added to 
non-transfected OST7-1 Iysates as in the previous control. The internally- 
labeled precursor RNAs were carried through the RNA purification and 
35 primer extension reactions (in the presence of unlabeled primers) and 
analyzed to determine the extent of self-processing. By this analysis, the 
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vast majority of the added full-length RNA remained intact during the entire 
process of RNA isolation and primer extension. 

These two control experiments validate the protocols used and 
support applicant's conclusion that the self-processing reactions catalyzed 
5 by HH, HDV and HP(GC) cassettes are occurring in the cytoplasm of 
OST7-1 cells. 



Sequences in figures 23 through 25 are meant to be non-limiting 
examples. Those in the art will recognize that other embodiments can be 
readily generated using techniques generally known in the art. 

10 In addition, those in the art will recognize that Applicant provides 

guidance through the above examples as to how to best design vectors of 
this invention so that secondary structure of the mRNA allows efficient 
cleavage by releasing ribozymes. Thus, the specific constructs are not 
limiting in this invention. Such constructs can be readily tested as 

1 5 described above for such secondary structure, either by computer folding 
algorithms or empirically. Such constructs will then allow at least 80% 
completion of release of ribozymes, which can be readily determined as 
described above or by methods known in the art. That is, any such 
secondary structure In the RNA does not reduce release of the ribozymes 

20 by more than 20%. 

IV, Ribozymes Expressed bv RNA Polymerase III 

Applicant has determined that the level of production of a foreign 
RNA, using a RNA polymerase III (pol III) based system, can be significantly 
enhanced by ensuring that the RNA is produced with the 5* terminus and a 
25 3' region of the RNA molecule base-paired together to form a stable 
intramolecular stem structure. This stem structure is formed by hydrogen 
bond interactions (either Watson-Crick or non-Watson-Crick) between 
nucleotides in the 3' region (at least 8 bases) and complementary 
nucleotides in the 5' terminus of the same RNA molecule. 

30 Although the example provided below involves a type 2 pol III gene 

unit, a number of other pol III promoter systems can also be used, for 
example, tRNA (Hall et al.. 1982 Cell 29, 3-5), 5S RNA (Nielsen et al., 
1993, Nucleic Adds Res, 21, 3631-3636), adenovirus VA RNA (Fowlkes 
and Shenk, 1980 Cell 22, 405-413), U6 snRNA (Gupta and Reddy, 1990 
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Nucleic Acids Res. 19, 2073-2075), vault RNA (Kickoefer et al.. 1993 J. 
Biol, Cham, 268, 7868-7873), telomerase RNA (Romero and Blackburn, 
1991 Ce// 67, 343-353). and others. 

The construct described in this invention is able to accumulate RNA to 
5 a significantly higher level than other constructs, even those in which 5' 
and 3* ends are involved in hairpin loops. Using such a construct the level 
of expression of a foreign RNA can be increased to between 20,000 and 
50,000 copies per cell. This makes such constructs, and the vectors 
encoding such constructs, excellent for use in decoy, therapeutic editing 

10 and antisense protocols as well as for ribozyme formation. In addition, the 
molecules can be used as agonist or antagonist RNAs (affinity RNAs). 
Generally, applicant believes that the intramolecular base-paired 
interaction between the 5' terminus and the 3' region of the RNA should be 
in a double-stranded structure in order to achieve enhanced RNA 

15 accumulation. 

Thus, in one preferred embodiment the invention features a pol ill 
promoter system (e^, a type 2 system) used to synthesize a chimeric RNA 
molecule which includes tRNA sequences and a desired RNA ( e.g. . a 
tRNA-based molecule). 

20 The following exemplifies this invention with a type 2 pol III promoter 

and a tRNA gene. Specifically to illustrate the broad invention, the RNA 
molecule in the following example has an A box and a B box of the type 2 
pol III promoter system and has a 5* terminus or region able to base-pair 
with at least 8 bases of a complementary 3' end or region of the same RNA 

25 molecule. This is meant to be a specific example. Those in the art will 
recognize that this Is but one example, and other embodiments can be 
readily generated using other pol III promoter systems and techniques 
generally known in the art. 

By "terminus" is meant the terminal bases of an RNA molecule, ending 
30 in a 3* hydroxyl or 5' phosphate or 5* cap moiety. By "region" is meant a 
stretch of bases 5' or 3' from the temriinus that are involved in base-paired 
interactions. It need not be adjacent to the end of the RNA. Applicant has 
determined that base pairing of at least one end of the RNA molecule with 
a region not more than about 50 bases, and preferably only 20 bases, from 
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the other end of the molecule provides a useful molecule able to be 
expressed at high levels. 

By "3" region" is meant a stretch of bases 3' from the terminus that are 
involved in intramolecular bas-paired interaction with complementary 
nucleotides in the 5' terminus of the same molecule. The 3' region can be 
designed to include the 3' terminus. The 3' region therefore is > 0 
nucleotides from the 3' terminus. For example, in the S35 construct 
described in the present invention (Fin. 40^ the 3' region is one nucleotide 
from the 3' terminus. In another example, the 3' region is - 43 nt from 3' 
terminus. These examples are not meant to be limiting. Those in the art 
will recognize that other embodiments can be readily generated using 
techniques generally known in the art. Generally, it is preferred to have the 
3' region within 100 bases of the 3' tenninus. 

By "tRNA molecule- is meant a type 2 pol III driven RNA molecule that 
is generally derived from any recognized tRNA gene. Those in the art will 
recognize that DNA encoding such molecules is readily available and can 
be modified as desired to alter one or more bases within the DNA encoding 
the RNA molecule and/or the promoter system. Generally, but not always, 
such molecules include an A box and a B box that consist of sequences 
which are well known in the art (and examples of which can be found 
throughout the literature). These A and B boxes have a certain consensus 
sequence which is essential for a optimal pol III transcription. 

By "chimeric tRNA molecule" is meant a RNA molecule that includes a 
pol III promoter (type 2) region. A chimeric tRNA molecule, for example, 
might contain an intramolecular base-paired structure between the 3' 
region and complementary 5' terminus of the molecule, and includes a 
foreign RNA sequence at any location within the molecule which does not 
affect the activity of the type 2 pol III promoter boxes. Thus, such a foreign 
RNA may be provided at the 3* end of the B box, or may be provided in 
between the A and the B box, with the B box moved to an appropriate 
location either within the foreign RNA or another location such that it is 
effective to provide pol III transcription. In one example, the RNA molecule 
may include a hammerhead ribozyme with the B box of a type 2 pol III 
promoter provided in stem II of the ribozyme. In a second example, the B 
box may be provided in stem IV region of a hairpin ribozyme. A specific 
example of such RNA molecules is provided below. Those in the art will 
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recognize that this is but one example, and other embodiments can be 
readily generated using techniques generally known in the art. 

By "desired RNA" molecule is meant any foreign RNA molecule which 
is useful from a therapeutic, diagnostic, or other viewpoint. Such 
5 molecules include antisense RNA molecules, decoy RNA molecules, 
enzymatic RNA, therapeutic editing RNA and agonist and antagonist RNA. 

By "antisense RNA" is meant a non-enzymatic RNA molecule that 
binds to another RNA (target RNA) by means of RNA-RNA interactions and 
alters the activity of the target RNA (Eguchi et al.. 1991 Annu. Rev. 

10 Biochem. 60, 631-652). By "enzymatic RNA" is meant an RNA molecule 
with enzymatic activity (Cech. 1988 J.American. Med. Assoc. 260, 3030- 
3035). Enzymatic nucleic acids (ribozymes) act by first binding to a target 
RNA. Such binding occurs through the target binding portion of a 
enzymatic nucleic acid which is held in close proximity to an enzymatic 

1 5 portion of the molecule that acts to cleave the target RNA. Thus, the 
enzymatic nucleic acid first recognizes and then binds a target RNA 
through base-pairing, and once bound to the correct site, acts 
enzymatically to cut the target RNA. 

By "decoy RNA" is meant an RNA molecule that mimics the natural 
20 binding domain for a ligand. The decoy RNA therefore competes with 
natural binding target for the binding of a specific ligand. For example, it 
has been shown that over-expression of HIV trans-activation response 
(TAR) RNA can act as a "decoy" and efficiently binds HIV tat protein, 
thereby preventing it from binding to TAR sequences encoded in the HIV 
25 RNA (Sulienger et al.. 1990 Cell 63, 601-608). This is meant to be a 
specific example. Those in the art will recognize that this is but one 
example, and other embodiments can be readily generated using 
techniques generally known in the art. 

By "therapeutic editing RNA" is meant an antisense RNA that can bind 
30 to its cellular target (RNA or DNA) and mediate the modification of a 
specific base. 



By "agonist RNA" is meant an RNA molecule that can bind to protein 
receptors with high affinity and cause the stimulation of specific cellular 
pathways. 
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By "antagonist RNA" is meant an RNA molecule that can bind to 
cellular proteins and prevent it from performing its normal biological 
function (for example, see Tsai et al.. 1992 Proc. NatL Acad, Sci. USA 89, 
8864-8868). 

5 In other aspects, the invention includes vectors encoding RNA 

molecules as described above, cells including such vectors, methods for 
producing the desired RNA, and use of the vectors and cells to produce this 
RNA. 

Thus, the invention features a transcribed non-naturally occuring RNA 
10 molecule which includes a desired therapeutic RNA portion and an 
intramolecular stem formed by base-pairing interactions between a 3' 
region and complementary nucleotides at the 5' terminus in the RNA. The 
stem preferably includes at least 8 base pairs, but may have more, for 
example, 15 or 16 base pairs. 

15 In preferred embodiments, the 5' terminus of the chimeric tRNA 

includes a portion of the precursor molecule of the primary tRNA molecule, 
of which > 8 nucleotides are involved in base-pairing interaction with the 3' 
region; the chimeric tRNA contains A and B boxes; natural sequences 3' of 
the B box are deleted, which prevents endogenous RNA processing; the 

20 desired RNA molecule is at the 3' end of the B box; the desired RNA 
molecule is between the A and the B box; the desired RNA molecule 
includes the B box; the desired RNA molecule is selected from the group 
consisting of antisense RNA, decoy RNA, therapeutic editing RNA, 
enzymatic RNA, agonist RNA and antagonist RNA; the molecule has an 

25 intramolecular stem resulting from a base-paired interaction between the 5' 
terminus of the RNA and a complementary 3* region within the same RNA, 
and includes at least 8 bases; and the 5' terminus is able to base pair with 
at least 15 bases of the 3' region. 

In most preferred embodiments, the molecule is transcribed by a RNA 
30 polymerase III based promoter system, e.g., a type 2 pol III promoter 
system; the molecule is a chimeric tRNA, and may have the A and B boxes 
of a type 2 pol lit promoter separated by between 0 and 300 bases; DNA 
vector encoding the RNA molecule of claim 51. 
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in other related aspects, the invention features an RNA or DNA vector 
encoding the above RNA molecule, with the portions of the vector encoding 
the RNA functioning as a RNA pol III promoter; or a cell containing the 
vector ; or a method to provide a desired RNA molecule in a cell, by 
introducing the molecule into a cell with an RNA molecule as described 
above. The cells can be derived from animals, plants or human beings. 

In order for RNA-based gene therapy approaches to be effective, 
sufficient amounts of the therapeutic RNA must accumulate in the 
appropriate intracellular compartment of the treated cells. Accumulation is 
a function of both promoter strength of the antiviral gene, and the 
intracellular stability of the antiviral RNA. Both RNA polymerase II (pol II) 
and RNA polymerase III (pol III) based expression systems have been used 
to produce therapeutic RNAs in cells (Sarver & Rossi, 1993 AIDS Res. & 
Human Retroviruses 9, 483-487; Yu et a!.. 1993 P,N.A,S,(USA) 90, 6340- 
6344). However, pol III based expression cassettes are theoretically more 
attractive for use in expressing antiviral RNAs for the following reasons. 
Pol It produces messenger RNAs located exclusively in the cytoplasm, 
whereas pol III produces functional RNAs found in both the nucleus and the 
cytoplasm. Pol II promoters tend to be more tissue restricted, whereas pol 
III genes encode tRNAs and other functional RNAs necessary for basic 
"housekeeping" functions in all cell types. Therefore, pol 111 promoters are 
likely to be expressed in all tissue types. Finally, pol III transcripts from a 
given gene accumulate to much greater levels in cells relative to pol II 
genes. 

Intracellular accumulation of therapeutic RNAs is also dependent on 
the method of gene transfer used. For example, the retroviral vectors 
presently used to accomplish stable gene transfer, integrate randomly into 
the genome of target cells. This random integration leads to varied 
expression of the transferred gene in individual cells comprising the bulk 
treated cell population. Therefore, for maximum effectiveness, the 
transferred gene must have the capacity to express therapeutic amounts of 
the antiviral RNA in the entire treated cell population, regardless of the 
integration site. 
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Pol III System 



The following is just one non-limiting example of the invention. A pol 
III based genetic element derived from a human tRNAi*^^©^ gene and 
termed A3-5 (Fig. 33; Adeniyi-Jones et al.. 1984 supra), has been adapted 
to express antiviral RNAs (Sullenger et al.. 1990 MoL Cell. Biol. 10. 6512- 
6523). This element was inserted into the DC retroviral vector (Sullenger 
et al., 1990 MoL CelL Biol, 10, 6512-6523) to accomplish stable gene 
transfer, and used to express antisense RNAs against moloney murine 
leukemia virus and anti-HIV decoy RNAs (Sullenger et al., 1990 MoL CelL 
BioL 10, 6512-6523; Sullenger et al., 1990 Ce//63. 601-608; Sullenger et 
al., 1991 J, ViroL 65, 6811-6816; Lee et al., 1992 The New Biologist 4, 66- 
74). Clonal lines are expanded from individual cells present in the bulk 
population, and therefore express similar amounts of the therapeutic RNA 
in all cells. Development of a vector system that generates therapeutic 
levels of therapeutic RNA in all treated cells would represent a significant 
advancement in RNA based gene therapy modalities. 

Applicant examined hammerhead (HHI) ribozyme (RNA with 
enzymatic activity) expression in human T cell lines using the A3-5 vector 
system (These constructs are termed "A3-5/HHI"; Fig. 34V On average, 
ribozymes were found to accumulate to less than 100 copies per cell in the 
bulk T cell populations. In an attempt to improve expression levels of the 
A3-5 chimera, the applicant made a series of modified A3-5 gene units 
containing enhanced promoter elements to increase transcription rates, 
and inserted structural elements to improve the intracellular stability of the 
ribozyme transcripts (Fig. 34). One of these modified gene units, termed 
S35. gave rise to more than a 100-fold increase in ribozyme accumulation 
in bulk T cell populations relative to the original A3-5/HHI vector system. 
Ribozyme accumulation in individual clonal lines from the pooled T cell 
populations ranged from 10 to greater than 100 fold more than those 
achieved with the original A3-5/HHI version of this vector. 

The S35 gene unit may be used to express other therapeutic RNAs 
including, but not limited to, ribozymes, antisense. decoy, therapeutic 
editing, agonist and antagonist RNAs. Application of the S35 gene unit 
would not be limited to antiviral therapies, but also to other diseases, such 
as cancer, in which therapeutic RNAs may be effective. The S35 gene unit 
may be used in the context of other vector systems besides retroviral 
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vectors, including but not limited to, other stable gene transfer systems 
such as adeno-associated virus (AAV; Carter, 1992 Curr. Opin, Genet Dev. 
3, 74), as well as transient vector systems such as plasmid delivery and 
adenoviral vectors (Berkner, 1988 BioTechniques 6, 616-629). 

5 As described below, the S35 vector encodes a truncated version of a 

tRNA wherein the 3' region of the RNA is base-paired to complementary 
nucleotides at the 5' terminus, which includes the 5' precursor portion that 
is normally processed off during tRNA maturation. Without being bound by 
any theory. Applicant believes this feature is important in the level of 
10 expression observed. Thus, those in the art can now design equivalent 
RNA molecules with such high expression levels. Below are provided 
examples of the methodology by which such vectors and tRNA molecules 
can be made. 

A3-5 Vectors 

1 5 The use of a truncated human tRNAi^riet gene, termed A3-5 (Fig. 33 : 

Adeniyl-Jones et al., 1984 supra), to drive expression of antisense RNAs, 
and subsequently decoy RNAs (Sullenger et al., 1990 supra) has recently 
been reported. Because tRNA genes utilize internal pol III promoters, the 
antisense and decoy RNA sequences were expressed as chimeras 

20 containing tRNAi^^e^ sequences. The truncated tRNA genes were placed 
into the U3 region of the 3' moloney murine leukemia virus vector LTR 
(Sullenger et a!., 1990 supra). 

Base-Paired Structures 

Since the A3-5 vector combination has been successfully used to 
25 express inhibitory levels of both antisense and decoy RNAs, applicant 
cloned ribozyme-encoding sequences (termed as "AS-S/HHI") into this 
vector to explore its utility for expressing therapeutic ribozymes. However, 
low ribozyme accumulation in human T cell lines stably transduced with 
this vector was observed ( Fig. 35 ). To try and improve accumulation of the 
30 ribozyme, applicant incorporated various RNA structural elements ( Fig. 34 ) 
into one of the ribozyme chimeras (A3-5/HHI). 

Two strategies were used to try and protect the termini of the chimeric 
transcripts from exonucleolytic degredation. One strategy involved the 
incorporation of stem-loop structures into the termini of the transcript. Two 
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such constructs were cloned, S3 which contains a stem-loop structure at 
the 3' end, and S5 which contains stem-loop structures at both ends of the 
transcript ( Fioure 34) . The second strategy involved modification of the 3' 
terminal sequences such that the 5' terminus and the 3' end sequences 
5 can form a stable base-paired stem. Two such constructs were made: S35 
in which the 3* end was altered to hybridize to the 5' leader and acceptor 
stem of the tRNAjn^et domain, and S35Plus which was identical to S35 but 
included more extensive structure formation within the non-ribozyme 
portion of the A3-5 chimeras ( Figure 34 ). These stem-loop structures are 

10 also intended to sequester non-ribozyme sequences in structures that will 
prevent them from interfering with the catalytic activity of the ribozyme. 
These constructs were cloned, producer cell lines were generated, and 
stably-transduced human MT2 (Harada et al., 1985 supra) and CEM (Nara 
& Fischinger, 1988 supra) cell lines were established {Curr. Protocols MoL 

15 BioL 1992, ed. Ausubel et al.. Wiley & Sons. NY). The RNA sequences and 
structure of 835 and S35 Plus are provided in Fioures 40-47 . 

Referring to Fioure 48. there is provided a general structure for a 
chimeric RNA molecule of this invention. Each N independently represents 
none or a number of bases which may or may not be base paired. The A 

20 and B boxes are optional and can be any known A or B box, or a 
consensus sequence as exemplified in the figure. The desired nucleic acid 
to be expressed can be any location in the molecule, but preferably is on 
those places shown adjacent to or between the A and B boxes (designated 
by arrows). Figure 49 shows one example of such a structure in which a 

25 desired RNA is provided 3' of the intramolecular stem. A specific example 
of such a construct is provided in Figures 50 and 51 , 

Example 26: Cloning of A3-5-Ribo2vme Chimera 

Oligonucleotides encoding the S35 insert that overlap by at least 15 
nucleotides were designed (5* GATCCACTCTGCTGTTCTGTTTTTGA 3' 
30 and 5* CGCGTCAAAAACAGAACAGCAGAGTG 3'). The oligonucleotides 
(10 each) were denatured by boiling for 5 min in a buffer containing 40 
mM Tris.HCI. pH8.0. The oligonucleotides were allowed to anneal by snap 
cooling on ice for 10-15 min. 

The annealed oligonucleotide mixture was converted into a double- 
35 stranded molecule using Sequenase® enzyme (US Biochemicals) in a 
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buffer containing 40 mM Tris.HCI. pH7.5. 20 mM MgCl2, 50 mM NaCI, 0.5 
mM each of the four deoxyribonucleotide triphosphates. 10 mM DTT. The 
reaction was allowed to proceed at ST^'C for 30 min. The reaction was 
stopped by heating to 70X for 15 min. 

5 The double stranded DNA was digested with appropriate restriction 

endonucleases {BamHl and M!u\) to generate ends that were suitable for 
cloning into the A3-5 vector. 

The double-stranded insert DNA was ligated to the A3-5 vector DNA 
by incubating at room temperature (about 20^C) for 60 min in a buffer 
10 containing 66 mM Tris.HCI, pH 7.6, 6.6 mM MgCl2, 10 mM DTT. 0.066 ^M 
ATP and 0.1U/|il T4 DNA Ligase (US Biochemicals). 

Competent E. coli bacterial strain was transformed with the 
recombinant vector DNA by mixing the cells and DNA on ice for 60 min. 
The mixture was heat-shocked by heating to 37^C for 1 min. The reaction 
1 5 mixture was diluted with LB media and the cells were allowed to recover for 
60 min at 37°C. The cells were plated on LB agar plates and incubated at 
37°C for - 18 h. 

Plasmid DNA was isolated from an ovemight culture of recombinant 
clones using standard protocols (Ausubel et al., Cum Protocols MoL 
20 Biology 1 990, Wiley & Sons, NY). 

The identity of the clones were determined by sequencing the plasmid 
DNA using the Sequenase® DNA sequencing kit (US Biochemicals). 

The resulting recombinant A3'-5 vector contains the S35 sequence. 
The HHI encoding DNA was cloned into this A3-5-S35 containing vector 
25 using Sacll and SamHI restriction sites. 

Example 27: Northern analysis 

RNA from the transduced MT2 cells were extracted and the presence 
of A3-5/ribozyme chimeric transcripts were assayed by Northern analysis 
(Curr, Protocols MoL BioL 1992, ed. Ausubel et al., Wiley & Sons. NY). 
30 Northern analysis of RNA extracted from MT2 transductants showed that 
A3-5/ribo2yme chimeras of appropriate sizes were expressed ( Fig. 35.36 ). 
In addition, these results demonstrated the relative differences in 
accumulation among the different constructs ( Figure 35.36 V The pattem of 
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expression seen from the A3-5/HHI ribozynne chimera was similar to 12 
other ribozymes cloned into the A3-5 vector (not shown). In MT-2 cell line, 
A3-5/HHI ribozyme chimeras accumulated, on average, to less than 100 
copies per cell. 

5 Addition of a stem-loop onto the 3' end of A3-5/HHI did not lead to 

increased A3-5 levels (S3 in Fio. 35.36 ^. The S5 construct containing both 
5' and 3' stem-loop structures also did not lead to increased ribozyme 
levels (Fig. 35.36 ). 

Interestingly, the S35 construct expression in MT2 cells was about 
10 100-fold more abundant relative to the original A3-5/HHI vector transcripts 
(Fig. 35,36). This may be due to increased stability of the S35 transcript. 

Example 28: Cleavage activitv 

To assay whether ribozymes transcribed in the transduced cells 
contained cleavage activity, total RNA extracted from the transduced MT2 T 

15 cells were incubated with a labeled substrate containing the HHI cleavage 
site (Figure 37). Ribozyme activity in all but the S35 constructs, was too 
low to detect. However, ribozyme activity was detectable in S35- 
transduced T cell RNA. Comparison of the activity observed in the S35- 
transduced MT2 RNA with that seen with MT2 RNA in which varying 

20 amounts of in vitro transcribed S5 ribozyme chimeras, indicated that 
between 1-3 nM of S35 ribozyme was present in S35-transduced MT2 
RNA. This level of activity corresponds to an intracellular concentration of 
5,000-15,000 ribozyme molecules per cell. 

Example 29: Clonal variation 

25 Variation in the ribozyme expression levels among cells making up 

the bulk population was detennined by generating several clonal cell lines 
from the bulk S35 transduced CEM line {Curr. Protocols Mot. Biol. 1992, 
ed. Ausubel et al.. Wiley & Sons, NY) and the ribozyme expression and 
activity levels in the individual clones were measured ( Figure 38 and 39 ). 

30 All the individual clones were found to express active ribozyme. The 
ribozyme activity detected from each clone correlated well with the relative 
amounts of ribozyme observed by Northern analysis. Steady state 
ribozyme levels among the clones ranged from approximately 1,000 
molecules per cell in clone G to 1 1 ,000 molecules per cell in clone H (Fig. 
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38 ). The mean accumulation among the clones, calculated by averaging 
the ribozyme levels of the clones, exactly equaled the level measured in 
the parent bulk population. This suggests that the individual clones are 
representative of the variation present in the bulk population. 

5 The fact that all 14 clones were found to express ribozyme indicate 

that the percentage of ceils in the bulk population expressing ribozyme is 
also very high. In addition, the lowest level of expression in the clones was 
still more than 10-fold that seen in bulk cells transduced with the original 
A3-5 vector. Therefore, the S35 gene unit should be much more effective 
10 In a gene therapy setting in which bulk cells are removed, transduced and 
then reintroduced back into a patient. 

Example 30: Stability 

Finally, the bulk S35-transduced line, resistant to G418. was 
propogated for a period of 3 months (in the absence of G418) to determine 

1 5 if ribozyme expression was stable over extended periods of time. This 
situation mimicks that found in the clinic in which bulk cells are transduced 
and then reintroduced into the patient and allowed to propogate. There 
was a modest 30% reduction of ribozyme expression after 3 months. This 
difference probably arose from cells with varying amount of ribozyme 

20 expression and exhibiting different growth rates in the culture becoming 
slightly more prevalent in the culture. However, ribozyme expression is 
apparently stable for at least this period of time. 

Example 31 : Design and construction of TRZ-tRNA Chimera 

A transcription unit, termed TRZ, is designed that contains the S35 
25 motif ( Fioure 52 ). A desired RNA (e.g. ribozyme) can be inserted into the 
indicated region of TRZ tRNA chimera. This construct might provide 
additional stability to the desired RNA. TRZ-A and TRZ-B are non-limiting 
examples of the TRZ-tRNA chimera. 

Referring to Flo. 53-54 . a hammerhead ribozyme targeted to site I 
30 (HHITRZ-A; Fig. 53 ) and a hairpin ribozyme (HPITRZ-A; Fig. 54), also 
targeted to site I. is cloned individually into the indicated region of TRZ 
tRNA chimera. The resulting ribozyme trancripts retain full RNA cleavage 
activity (see for example Fig. 55V Applicant has shown that efficient 
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expression of these TRZ tRNA chimera can be achieved in mammalian 
cells. 

Besides ribozymes, desired RNAs like antisense. therapeutic editing 
RNAs, decoys, can be readily inserted into the indicated region of TRZ- 
5 tRNA chimera to achieve therapeutic levels of RNA expression in 
mammalian cells. 

Sequences listed in Figures 40-47 and 50 - S4 are meant to be non- 
limiting examples. Those skilled in the art will recognize that variants 
(mutations, insertions and deletions) of the above examples can be readily 
10 generated using techniques known in the art, are within the scope of the 
present invention. 

Example 32: Ribozyme expression in T cell lines 

Ribozyme expression in T cell lines stably-transduced with either a 
retroviral-based or an Adeno-associated virus (AAV)-based ribozyme 

1 5 expression vector (Figure 56). The human T cell lines MT2 and CEM were 
transduced with either retroviral or AAV vectors encoding a neomycin 
slelctable marker and a ribozyme (S35/HHI) expressed from pol Ml metj 
tRNA-driven promoter. Cells stably-transduced with the vectors were 
selectivelyt expanded medium containing the neomycin antibiotic 

20 derivative, G418 (0.7 mg/ml). Ribozyme expression in the stable cell lines 
was then alalyzed by Northern analysis. The probe used to detect 
ribozyme transcripts also cross-hybridized with human metf tRNA 
sequences. Refering to Figure 56, S35/HHI RNA accumulates to significant 
levels in MT2 and CEM cells when transduced with either the retrovirus or 

25 the AAV vector. 

These are meant to be non-limiting examples, those skilled in the art 
will recognize that other vectors such as adenovirus vector (Figure 57), 
plasmid DNA vector, alpha virus vectors and the other derivatives there of. 
can be readily generated to deliver the desired RNA, using techniques 
30 known in the art and are within the scope of this invention. Additionally, the 
transcription units can be expressed individually or in multiples using pol It 
and/or pol 111 promoters. 

References cited herein, as well as Draper WO 93/23569, 94/02495, 
94/06331, Sulienger WO 93/12657, Thompson WO 93/04573, and Sullivari 
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WO 94/04609, and 93/11253 describe methods for use of vectors decribed 
herein, and are incorporated by reference herein. In particular these 
vectors are useful for administration of antisense and decoy RNA 
molecules, 

5 Example 33: Ligated RIbozymes are catalvticallv active 

The ability of ribozymes generated by ligation methods, described in 
Draper et al„ PCT WO 93/23569. to cleave target RNA was tested on either 
matched substrate RNA ( Flo. 58 ) or long (622 nt) RNA (Fio. 59. 60 and 61 ). 

Matched substrate RNAs were chemically synthesized using solid- 

10 phase RNA synthesis chemistry (Scaringe et al.. 1990 Nucleic Acids Res. 
18. 5433-5441). Substrate RNA was 5' end-labeled using [y-32p] atP and 
polynucleotide kinase ( Curr. Protocols Mol. Biol. 1992. ed. Ausubel et al.. 
Wiley & Sons. NY). Ribozyme reactions were carried out under ribozyme 
excess conditions (kcat/KM; Herschlag and Cech. 1990 Biochemistry 29, 

15 10159-10171). Briefly, ribozyme and substrate RNA were denatured and 
renatured separately by heating to 90*^0 and snap cooling on ice for 10 min 
in a buffer containing 50 mM Tris. HCI pH 7.5 and 10 mM MgCl2. 
Cleavage reaction was initiated by mixing the ribozyme with the substrate 
at 37^C. Aliquots of 5 \i\ were taken at regular intervals of time and the 

20 reaction was stopped by mixing with equal volume of formamide gel 
loading buffer ( Curr. Protocols Mol. Biol. 1992. ed. Ausubel et al., Wiley & 
Sons, NY). The samples were resolved on 20 % polyacrylamide-urea gel. 
Refering to Fig. 58. -AG refers to the free energy of binding calculated for 
base-paired interactions between the ribozyme and the substrate RNA 

25 (Turner and Sugimoto. 1988 Suora ^. RPI A is a HH ribozyme with 6/6 
binding amis. This ribozyme was synthesized chemically either as a one 
piece ribozyme or was synthesized in two fragments followed by ligation to 
generate a one piece ribozyme. The kcat/KM values for the two ribozymes 
were comparable. 

30 A template containing T7 RNA polymerase promoter upstream of 622 

nt long target sequence, was PGR amplified from a DNA clone. The target 
RNA (containing HH ribozyme cleavage sites B. C and D) was transcribed 
from this PGR amplified template using T7 RNA polymerase. The transcript 
was intemally labeled during transcription by including [a-^^P] CTP as one 

35 of the four ribonucleotide triphosphates. The transcription mixture was 
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treated with DNase-1, following transcription at 37X for 2 hours, to digest 
away the DNA template used in the transcription. RNA was precipitated 
with Isopropanol and the pellet was washed two times with 70% ethanol to 
get rid of salt and nucleotides used in the transcription reaction. RNA is 
5 resuspended in DEPC-treated water and stored at 4*'C, Ribozyme 
cleavage reactions were carried out under ribozyme excess (kcat/KM) 
conditions [Herschlag and Cech 1990 suoral . Briefly, 1000 nM ribozyme 
and 10 nM internally labeled target RNA were denatured separately by 
heating to 90°C for 2 min in the presence of 50 mM Tris.HCI, pH 7.5 and 10 
10 mM MgCl2. The RNAs were renatured by cooling to 37°C for 10-20 min. 
Cleavage reaction was initiated by mixing the ribozyme and target RNA at 
37°C. Aliquots of 5 \i\ were taken at regular intervals of time and the 
reaction was quenched by adding equal volume of stop buffer. The 
samples were resolved on a sequencing gel. 

15 Example 3 4: Hammerhead ribozvmes with > 2 base-paired stem II are 
catalvticallv active 

To decrease the cost of chemical synthesis of RNA. applicant was 
interested in determining whether the length of stem II region of a typical 
hammerhead ribozyme (> 4 bp stem II) can be shortened without 
20 decreasing the catalytic efficiency of the HH ribozyme. The length of stem II 
was systematically shortened by one base-pair at a time. HH ribozymes 
with three and two base-paired stem II were chemically synthesized using 
solid-phase RNA phosphoramidite chemistry (Scaringe et a! .. 1990 supra) . 

Matched and long substrate RNAs were synthesized and ribozyme 
25 assays were carried out as described in example 33. Referring to figures . 
62, 63 and 64, data shows that shortening stem II of a hammerhead 
ribozyme does not significantly alter the catalytic efficiency. It is applicant's 
opinion that hammerhead ribozymes with > 2 base-paired stem f[ region 
are catalytically active. 

30 Example 35: Svnthesis of catalvticallv active hairpin ribozymes 

RNA molecules were chemically synthesized having the nucleotide 
base sequence shown in Fig. 65 for both the 5* and 3' fragments. The 3' 
fragments are phosphorylated and ligated to the 5' fragment essentially as 
described in example 37. As is evident from the Figure 65 . the 3' and 5* 
35 fragments can hybridize together at helix 4 and are covalently linked via 
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GAAA sequence. When this structure hybridizes to a substrate a 
nbozyme-substrate complex structure is formed. While helix 4 is shown as 
3 base pairs it may be formed with only 1 or 2 base pairs. 

40 nM mixtures of ligated ribozymes were incubated with 1-5 nM 5' 
end-labeled matched substrates (chemically synthesized by solid-phase 
synthesis using RNA phosphoramidite chemistry) for different times In 50 
mM Tns/HCI pH 7.5. 10 mM MgClg and shown to cleave the substrate 
efficiently (Ha^Sg). 

The target and the ribozyme sequences shown in Fia. 62 anri are 
meant to be non-limiting examples. Those in the art will recognize that 
other embodiments can be readily generated using other sequences and 
techniques generally known in the art. 

^ Constructs of Halrpfn RibQ?>v m.»Q 

There follows an improved trans-cleaving hairpin ribozyme in which a 
new helix (,.e.. a sequence able to fomi a double-stranded region with 
another single-stranded nucleic acid) is provided in the ribozyme to base- 
pair with a 5- region of a separate substrate nucleic acid. This helix is 
provided at the 3' end of the ribozyme after helix 3 as shown in Figure 3 m 
addition at least two extra bases may be provided in helix 2 and a portion 
of the substrate corresponding to helix 2 may be either directly linked to the 
5 portion able to hydrogen bond to the 3' end of the hairpin or may have a 
linker of atleast one base. By trans-cleaving is meant that the ribozyme is 
abte to act in trans to cleave another RNA molecule which is not covalently 
l-nked to the ribozyme itself. Thus, the ribozyme Is not able to act on itself 
in an intramolecular cleavage reaction. 

By -base-pair" is meant a nucleic acid that can form hydrogen bond(s) 
with other RNA sequence by either traditional Watson-Crick or other non- 
traditional types (for example Hoogsteen type) of interactions. 

The Increase in length of helix 2 of a hairpin ribozyme (with or without 
hel,x 5) has several advantages. These include improved stability of the 
ribozyme-target complex in vivo . In addition, an increase in the 
recognition sequence of the hairpin ribozyme improves the specificity of the 
nbozyme. This also makes possible the targeting of potential hairpin 

RECTIFIED SHEET (RULE 91^ 
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ribozyme sites that would otherwise be inaccessible due to neighboring 
secondary structure. 

The increase in length of helix 2 of a hairpin ribozynne (with or without 
helix 5) enhances frans-ligation reaction catalyzed by the ribozyme. Trans- 
5 ligation reactions catalyzed by the regular hairpin ribozyme (4 bp helix 2) is 
very inefficient (Komatsu et ai, 1993 Nucleic Acids Res. 21. 185). This is 
attributed to weak base-pairing interactions between substrate RNAs and 
the ribozyme. By increasing the length of helix 2 (with or without helix 5) 
the rate of ligation {in vitro and in vivo) can be enhanced several fold. 

1 0 Results of experiments suggest that the length of H2 can be 6 bp 

without significantly reducing the activity of the hairpin ribozyme. The H2 
arm length variation does not appear to be sequence dependent. HP 
ribozymes with 6 bp H2 have been designed against five different target 
RNAs and all five ribozymes efficiently cleaved their cognate target RNA. 

1 5 Additionally, two of these ribozymes were able to successfully inhibit gene 
expression (e.g.. TNF-a) in mammalian cells. Results of these experiments 
are shown below. 

HP ribozymes with 7 and 8 bp H2 are also capable of cleaving target 
RNA in a sequence-specific manner, however, the rate of the cleavage 
20 reaction is lower than those catalyzed by HP ribozymes with 6 bp H2. 

Example 36: 4 and 6 base pair H2 

Referring to Fioures 67-72 . HP ribozymes were synthesized as 
described above and tested for activity. Surprisingly, those with 6 base 
pairs in H2 were stiil as active as those with 4 base pairs. 

25 VL Chemical Modification 

Oligonucleotides with 5'-C-aikvl Group 

The introduction of an alkyi group at the 5'-position of a nucleoside or 
nucleotide sugar introduces an additional center of chirality into the sugar 
moiety. Referring to Fig. 75 . the general structures of 5'-C-alkylnucleotides 
30 belonging to the D-allose. 2, and L-talose, 3, sugar families are shown. 
The family names are derived from the known sugars D-allose and L-talose 
(Ri = CH3 in 2 and 3 in Figure 75). Useful specific D-allose and L-talose 
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nucleotide derivatives are shown in Figure 76. 29-32 and Figure 77, 58- 
61 respectively. 

This invention relates to the use of 5'-C-alkylnucleotides in 
oligonucleotides, which are particularly useful for enzymatic cleavage of 
5 RNA or single-stranded DNA, and also as antisense oligonucleotides. As 
the term is used in this application, 5'-C-alkylnucleotide-containing 
enzymatic nucleic acids are catalytic nucleic molecules that contain 5'-C- 
alkylnucleotide components replacing, but not limited to, double stranded 
stems, single stranded "catalytic core" sequences, single-stranded loops or 
10 single-stranded recognition sequences. These molecules are able to 
cleave (preferably, repeatedly cleave) separate RNA or DNA molecules in 
a nucleotide base sequence specific manner. Such catalytic nucleic acids 
can also act to cleave intramolecuiarly if that is desired. Such enzymatic 
molecules can be targeted to virtually any RNA transcript. 

15 Also within the invention are 5'-C-alkyInucleotides which may be 

present in enzymatic nucleic acid or even in antisense oligonucleotides. 
Such nucleotides are useful since they enhance the stability of the 
antisense or enzymatic molecule, and can be used in locations which do 
not affect the desired activity of the molecule. That is, while the presence of 

20 the 5*-C-alkyl group may reduce binding affinity of the oligonucleotide 
containing this modification, if that moiety is not in an essential base pair 
forming region then the enhanced stability that it provides to the molecule 
is advantageous. In addition, while the reduced binding may reduce 
enzymatic activity, the enhanced stability may make the loss of activity of 

25 less consequence. Thus, for example, if a 5-C-alkyl-containing molecule 
has 10% the activity of the unmodified molecule, but has 10-fold higher 
stability in vivo then it has utility in the present invention. The same 
analysis is true for antisense oligonucfeotides containing such 
modifications. The invention also relates to novel intermediates useful in 

30 the synthesis of such nucleotides and oligonucleotides (examples of which 
are shown in the Figures), and to methods for their synthesis. 

Thus, in one aspect, the invention features 5'-C-alkylnuc!eosides. that 
is a nucleotide base having at the 5'-position on the sugar molecule an 
alkyi moiety. In a related aspect, the invention also features S'-C- 
35 alkylnucleotides, and in preferred embodiments features those where the 
nucleotide is not uridine or thymidine. That is, the invention preferably 
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includes all those nucleotides useful for making enzymatic nucleic acids or 
antisense molecules that are not described by the art discussed above. In 
preferred embodiments, the sugar of the nucleoside or nucleotide is in an 
optically pure form, as the talose or ailose sugar. 

5 Examples of various alkyi groups useful in this invention are shown in 

Figure 7$, where each Ri group is any alkyl. These examples are not 
limiting in the invention. Specifically, an "alkyl" group refers to a saturated 
aliphatic hydrocarbon, including straight-chain, branched-chain, and cyclic 
alkyl groups. Preferably, the alkyl group has 1 to 12 carbons. More 

1 0 preferably it is a lower alkyl of from 1 to 7 carbons, more preferably 1 to 4 
carbons. The alkyl group may be substituted or unsubstituted. When 
substituted the substituted group(s) is preferably, hydroxyl, cyano, alkoxy, 
=0, =S, NO2 or N(CH3)2. amino, or SH. The term also includes alkenyl 
groups which are unsaturated hydrocarbon groups containing at least one 

15 carbon-carbon double bond, including straight-chain, branched-chain, and 
cyclic groups. Preferably, the alkenyl group has 1 to 12 carbons. More 
preferably it is a lower alkenyl of from 1 to 7 carbons, more preferably 1 to 4 
carbons. The alkenyl group may be substituted or unsubstituted. When 
substituted the substituted group(s) is preferably, hydroxyl, cyano, alkoxy, 

20 =0, =S. NO2, halogen. N(CH3)2, amino, or SH. The term "alkyl" also 
includes alkynyl groups which have an unsaturated hydrocarbon group 
containing at least one carbon-carbon triple bond, including straight-chain, 
branched-chain, and cyclic groups. Preferably, the alkynyl group has 1 to 
12 carbons. More preferably it is a lower alkynyl of from 1 to 7 carbons, 

25 more preferably 1 to 4 carbons. The alkynyl group may be substituted or 
unsubstituted. When substituted the substituted group(s) is preferably, 
hydroxyl, cyano, alkoxy, =0, =S, NO2 or N(CH3)2, amino or SH. 

Such alkyl groups may also include aryl, alkylaryl, carbocyclic aryl, 
heterocyclic aryl, amide and ester groups. An "aryl" group refers to an 

30 aromatic group which has at least one ring having a conjugated n electron 
system and includes carbocyclic aryl, heterocyclic aryl and biaryl groups, 
all of which may be optionally substituted. The preferred substituent{s) of 
aryl groups are halogen, trihalomethyl, hydroxyl, SH. OH, cyano, alkoxy, 
alkyl, alkenyl. alkynyl, and amino groups. An "alkylaryl" group refers to an 

35 alkyl group (as described above) covalently joined to an aryl group (as 
described above. Carbocyclic aryl groups are groups wherein the ring 
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atoms on the aromatic ring are all carbon atoms. The carbon atoms are 
optionally substituted. Heterocyclic aryl groups are groups having from 1 to 
3 heteroatoms as ring atoms in the aromatic ring and the remainder of the 
ring atoms are carbon atoms. Suitable heteroatoms include oxygen, sulfur, 
5 and nitrogen, and include furanyl, thienyl, pyridyl, pyrrolyl. N-lower alky! 
pyrrolo, pyrimidyl, pyrazinyl, imidazolyl and the like, all optionally 
substituted. An "amide" refers to an -C(0)-NH-R, where R is either alkyi, 
aryl, alkylaryl or hydrogen. An "ester" refers to an -C(0)-OR', where R is 
either alkyI, aryl. alkylaryl or hydrogen. 

10 In other aspects, also related to those discussed above, the invention 

features oligonucleotides having one or more 5'-C-alkylnucleotides; e.g. 
enzymatic nucleic acids having a 5'-C-alkylnucleotide; and a method for 
producing an enzymatic nucleic acid molecule having enhanced activity to 
cleave an RNA or single-stranded DNA molecule, by forming the enzymatic 

15 molecule with at least one nucleotide having at its 5'-position an aikyi 
group. In other related aspects, the invention features 5'-C-alkylnucleotide 
triphosphates. These triphosphates can be used in standard protocols to 
form useful oligonucleotides of this invention. 

The 5'-C-alkyl derivatives of this invention provide enhanced stability 
20 to the oligonulceotides containing them. While they may also reduce 
absolute activity in an in vitro assay they will provide enhanced overall 
activity in vivo. Below are provided assays to determine which such 
molecules are useful. Those in the art will recognize that equivalent 
assays can be readily devised. 

25 In another aspect, the invention features a method for conversion of a 

protected alio sugar to a protected talo sugar. In the method, the protected 
alio sugar is contacted with triphenyl phosphine, diethylazodicarboxylate, 
and p-nitrobenzoic acid under inversion causing conditions to provide the 
protected talo sugar. While one example of such conditions is provided 

30 below, those in the art will recognize other such conditions. Applicant has 
found that such conversion allows for ready synthesis of all types of 
nucleotide bases as exemplified in the figures. 



35 



While this invention is applicable to all oligonucleotides, applicant has 
found that the modified molecules of this invention are particulary useful for 
enzymatic RNA molecules. Thus, below is provided examples of such 
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molecules. Those in the art will recognize that equivalent procedures can 
be used to make other molecules without such enzymatic activity. 
Specifically. Figure 1 shows base numbering of a hammerhead motif in 
which the numbering of various nucleotides in a hammerhead ribozyme is 
5 provided. This is not to be taken as an indication that the Figure is prior art 
to the pending claims, or that the art discussed is prior art to those claims. 
Referring to Figure 1 . the preferred sequence of a hammerhead ribozyme 
in a 5'- to 3'-direction of the catalytic core is CUGANGAG[base paired 
with]CGAAA. In this invention, the use of 5'-C-alkyl substituted nucleotides 
1 0 that maintain or enhance the catalytic activity and or nuclease resistance of 
the hammerhead ribozyme is described. Substitutions of any nucleotide 
with any of the modified nucleotides shown in Fioure 75 are possible. 

The following are non-limiting examples showing the synthesis of 
nucleic acids using 5'-C-alkyl-substituted phosphoramidites and the 
1 5 syntheses of the amidites. 

Example 37: Synthesis of Hammerhead Ribozvmes Containing 5'-C^AIkyl- 
nucieotides & Other Modified Nucleotides 

The method of synthesis would follow the procedure for normal RNA 
synthesis as described in Usman.N.; Ogilvie,K.K.; Jiang. M.-Y.; 

20 Cedergren,R.J. J. Am, Chem. Soc. 1987, 109, 7845-7854 and in 
Scaringe,S.A.; Franklyn.C; Usman,N. Nucleic Acids Res, 1990, 18, 5433- 
5441 and makes use of common nucleic acid protecting and coupling 
groups, such as dimethoxytrityl at the 5'-end, and phosphoramidites at the 
3'-end (compounds 26-29 and 56-59). These 5*-C-alkyI substituted 

25 phosphoramidites may be incorporated not only into hammerhead 
ribozymes, but also into hairpin, hepatitis delta virus, Group 1 or Group 2 
intron catalytic nucleic acids, or into antisense oligonucleotides. They are, 
therefore, of general use in any nucleic acid structure. 

Example 38: Methvl- 2.3-0-lsoproDvlidtn6-6-Deoxv-p-D-allofuranoside (A) 

30 A suspension of L-rhamnose (100 g, 0.55 mol), CUSO4 (120 g) and 

cone. H2SO4 (4.0 mL) in 1.0 L of dry acetone was mixed for 24 h at RT, 
then filtered. Cone. NH4OH (5 mL) was added to the filtrate and the newly 
formed precipitate was filtered. The residue was concentrated in vacuo, 
coevaporated with pyridine (2 x 300 mL), dissolved in pyridine (500 mL) 

35 and cooled to 0 °C. A solution of p-toluenesufonylchloride (107 g , 0.56 
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mmol) in dry DCE (500 mL) was added dropwise over 0,5 h. The reaction 
mixture was left for 16 h at RT. The reaction was quenched by adding ice- 
water (0.5 L) and. after mixing for 0.5 h, was extracted with chloroform (0.75 
L). The organic layer was washed with H2O (2 x 500 mL), 10% H2SO4 (2 x 
5 300 mL), water (2 x 300 mL). sat. NaHCOa (2 x 300 mL), brine (2 x 300 
mL), dried over MgS04 and evaporated to dryness. The residue (115 g) 
was dissolved in dry MeOH (1 L) and treated with NaOMe (23.2 g, 0.42 
mmol) in MeOH. The reaction mixture was left for 16 h at 20 °C. neutralized 
with dry CO2 and evaporated to dryness. The residue was suspended in 
10 chloroform (750 mL), filtered . concentrated to 100 mL and purified by flash 
chromatography in CHCIa to yield 45 g (37%) of compound 4. 

Example 39: Methvl-2.3-0-lsopropvlidine-5-0-f-Butvldiphenvlsllvl-6- 
Deoxv-p-D-Allofuranoside (5). 

To solution of methylfuranoside 4 (12.5 g 62.2 mmol) and AgNOa 
15 (21.25 g, 125.0 mmol) in dry DMF (300 mL) f-butyldiphenylsllyl chloride 
(22.2 g , 81 mmol) was added dropwise under Ar over 0.5 h. The reaction 
mixture was stirred for 4 h at RT. diluted with CHCI3 (200 mL), filtered and 
evaporated to dryness (below 40 °C using a high vacuum oil pump). The 
residue was dissolved in CH2CI2 (300 mL) washed with sat. NaHCOs (2 x 
20 50 mL), brine (2 x 50 mL), dried over MgS04 and evaporated to dryness. 
The residue was purified by flash chromatography in CH2CI2 to yield 20.0 
g (75%) of compound 5. 

Example 40: Methvl-5-0-f-Butvldiphenvlsilvl-6-Peoxv-p-n-AllofuranQsiHft 

25 Methylfuranoside 5 (13.5 g. 30.6 mmol) was dissolved in 

CF3COOH:dioxane:H20 / 2:1:1 (v/v/v. 200 mL) and stirred at 24 °C for 45 
m. The reaction mixture was cooled to -10 °C, neutralized with cone. 
NH4OH(140mL) and extracted with CH2CI2 (500 mL). The organiclayer 
was separated, washed with sat. NaHCOs (2 x 75 mL), brine (2 x 75 mL). 

30 dried over MgS04 and evaporated to dryness. The product 6 was purified 
by flash chromatography using a 0-10% MeOH gradient in CH2CI2. Yield 
9.0 g (76%). 
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Example 41 : Methvi-2.3-di-OBen20v[-5-0-f-Butvidiphenvlsilvi-6-Deoxy-p- 
D-Ailofuranoside (7). 

Methylfuranoside 6 (7.0 g, 17.5 mmol) was coevaporated with 
pyridine (2 x 100 mL) and dissolved in pyridine (100 mL). Benzoyl chloride 
5 (5.4 g. 38.5 mmol) was added and the reaction mixture was left at RT for 16 
h. Dry EtOH (50 mL) was added and the reaction mixture was evaporated 
to dryness after 0.5 h. The residue was dissolved in CH2CI2 (300 mL), 
washed with sat. NaHCOs (2 x 75 mL>, brine (2 x 75 mL) dried over MgS04 
and evaporated to dryness. The product was purified by flash 
1 0 chromatography in CH2CI2 to yield 9.5 g (89%) of compound 7. 

Examole 42: 1 -OAcetvl-2.3-di-0-ben2ovl-5-0-f-ButvldiDhenvlsiM-fi. 
Deoxv-p-D-AHofuranose (&). 

Dibenzoate 7 (4.7 g, 7.7 mmol) was dissolved in a mixture of AcOH 
(10.0 mL), AC2O (20.0 mL) and EtOAc (30 mL) and the reaction mixture was 

15 cooled 0 ^C. 98% H2SO4 {0.15 mL) was then added. The reaction mixture 
was kept at 0 for 16 h, and then poured into a cold 1:1 mixture of sat. 
NaHCOa and EtOAc (150 mL). After 0.5 h of vigorous stirring the organic 
phase was separated, washed with brine (2 x 75 mL), dried over MgS04. 
evaporated to dryness and coevaporated with toluene (2 x 50 mL). The 

20 product was purified by flash chromatography using a gradient of 0-5% 
MeOH in CH2CI2. Yield: 4.0 g (82% as a mixture of a and (3 isomers). 

Example 43: 1-f 2'.3'-di-0-Benzovl-5'-0-f-Butvldiphenvlsiivl-6'-Deoxv-p-D- 
Allofuranosynuracil (9). 

Uracil (1.44 g, 11.5 mmol) was suspended in mixture of 
25 hexamethyldisilazane (100 mL) and pyridine (50 mL) and boiled under 
reflux until complete dissolution (3 h) occurred, and then for an additional 
hour. The reaction mixture was cooled to RT, evaporated to dryness and 
coevaporated with dry toluene (2 x 50 mL). To the residue was added a 
solution of acetates 8 (6.36 g, 10.0 mmol) in dry CH3CN (100 mL), followed 
30 by CFaSOsSiMes (2.8 g, 12.6 mmol). The reaction mixture was kept at 24 
°C for 16 h, concentrated to 1/3 of its original volume, diluted with 100 mL 
of CH2CI2 and extracted with saL NaHCOa (2 x 50 mL), brine (2 x 50 mL) 
dried over MgS04. and evaporated to dryness. The product 9 was purified 
by flash chromatography using a gradient of 0-5% MeOH in CH2CI2. Yield: 
35 5.7 g (80%). 
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Example 44: A^-BenzovM -(2\3'-Di-OBenzovl>5*-0-f-Butvldiphenvlsilvl-6'- 
Deoxv-p-D-Allofuranosy!)Cytosine (10). 

/S/^-benzoylcytosine (1.84 g, 8.56 mmol) was suspended in mixture of 
hexamethyldisilazane (100 mL) and pyridine (50 mL) and boiled under 
5 reflux until complete dissolution (3 h) occurred, and then for an additional 
hour. The reaction mixture was cooled to RT evaporated to dryness and 
coevaporated with dry toluene (2 x 50 mL). To the residue was added a 
solution of of acetates 8 (3.6 g. 5.6 mmol) in dry CH3CN (100 mL), followed 
by CFaSOsSiMea (4.76 g. 21.4 mmol). The reaction mixture was boiled 
1 0 under reflux for 5 h, cooled to RT, concentrated to 1/3 of its original volume, 
diluted with CH2CI2 (100 mL) and extracted with sat. NaHCOa (2 x 50 mL). 
brine (2 x 50 mL) dried over MgS04 and evaporated to dryness. 
Purification by flash chromatography using a gradient of 0-5% MeOH in 
CH2CI2 yielded 1.8 g (55%) of compound 10. 

15 Example 45: A/6-Benzovl-9>f2'.3'-di-0-Benzovl-5'-a-f-ButvldiDhenvlsiivl-6'- 
Deoxv-p-D"Allofuranosvnadenine (11). 

A/6-benzoyladenine (2.86 g, 11.86 mmol) was suspended in mixture 
of hexamethyldisilazane (100 mL) and pyridine (50 mL) and boiled under 
reflux until complete dissolution (7 h) occurred, and then for an additional 

20 hour. The reaction mixture was cooled to RT evaporated to dryness and 
coevaporated with dry toluene (2 x 50 mL). To the residue was added a 
solution of of acetates 8 (3.6 g, 5.6 mmol) in dry CH3CN (100 mL) followed 
by CFsSOaSiMea (6.59 g. 29.7 mmol). The reaction mixture was boiled 
under reflux for 8 h, cooled to RT, concentrated to 1/3 of its original volume, 

25 diluted with CH2CI2 (100 mL) and extracted with sat. NaHCOs (2 x 50 mL). 
brine (2 x 50 mL) dried over MgS04 and evaporated to dryness. The 
product 1 1 was purified by flash chromatography using a gradient of 0-5% 
MeOH in CH2CI2. Yield: 2.7 g (60%). 

Example 46: A g-lsobutvr^l-9-r2\3*-di-0-Benzovl-5'-0-f-Butvidfpheny lc;nyl- 
30 6'-Deoxy-p-D-Allofuranosynauanine (1 2V 

A/2.|sobutyrylguanine (1.47 g . 11.2 mmol) was suspended in mixture 
of hexamethyldisilazane (100 mL) and pyridine (50 mL) and boiled under 
reflux until complete dissolution (6 h) occurred, and then for an additional 
hour. The reaction mixture was cooled to RT evaporated to dryness and 
35 coevaporated with dry toluene (2 x 50 mL). To the residue was added a 
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solution of of acetates 8 (3.4 g, 5.3 mmol) in dry CH3CN (100 mL) followed 
by CFsSOaSiMea (6.22 g, 28.0 mmol). The reaction mixture was boiled 
under reflux for 8 h, cooled to RT, concentrated to 1/3 of its original volume, 
diluted with CH2CI2 (100 mL) and extracted with sat. NaHCOa (2 x 50 mL), 
5 brine (2 x 50 mL) dried over MgS04 and evaporated to dryness. The 
product 12 was purified by flash chromatography using a gradient of 0-2% 
MeOH in CH2CI2. Yield: 2.1g (54%). 

Example 47: /V6-Ben20vl-9-f2'.3'-di-0-ben2ovi>6^Deoxv-p-D-Allofurano- 
svhadenine (15). 

10 Nucleoside 11 (1,65 g, 2.0 mmol) was dissolved in THF (50 mL) and 

a 1 M solution of TBAF in THF (4 mL) was added. The reaction mixture was 
kept at RT for 4 h. evaporated to dryness and the product purified by flash 
chromatography using a gradient of 0-5% MeOH in CH2CI2 to yield 1.0 g 
(85%) of compound 15. 

15 Example 48: Ag-Benzovl-9-(2'.3'-di-OBenzovi-5'-ODimethoxvtrltvl-fi'. 
Deoxv-p-D-AMofuranosvlVadenine (19). 

Nucleoside 15 (0.55 g, 0.92 mmol) was dissolved in dry CH2CI2 (50 
mL). AgNOa (0.34 g, 2.0 mmol), dimethoxytrityl chloride (0.68 g, 2.0 mmol) 
and sym-collidine (0.48 g) were added under Ar. The reaction mixture was 
20 stin-ed for 2h, diluted with CH2CI2 (100 mL), filtered, evaporated to dryness 
and coevaporated with toluene (2 x 50 mL). Purification by flash 
chromatography using a gradient of 0-5% MeOH in CH2CI2 yielded 0.8 g 
(97%) of compound 19. 

Example 49: A; ^-Benzovl-9-f-5'-0-Dimethoxvtritvl-6^-DeQxv.B-D-AHo- 
25 furanosvnadenine (23). 

Nucleoside 19 (1.8 g, 2 mmol) was dissolved in dioxane (50 mL), 
cooled to 0 °C and 2 M NaOH (50 mL) was added. The reaction mixture 
was kept at 0 °C for 45 m. neutralized with Dowex 50 (Pyr+ form), filtered 
and the resin was washed with MeOH (2 x 50 mL). The filtrate was then 
30 evaporated to dryness. Purification by flash chromatography using a 
gradient of 0-10% MeOH in CH2CI2 yielded 1.1 g (80%) of 23. 
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Example 50: A/S-Benzovi"9-r'5'-0-Dimethoxytritvl-2'-0-Nbutvldimethvlsilyi- 
6*-Deoxv-p-D-Allofuranosvnadenine (27), 

Nucleoside 23 (1.2 g. 1.8 mmol) was dissolved in dry THF (50 mL). 
Pyridine (0.50 g, 8 mmol) and AgNOa (0.4 g. 2.3 mmol) were added. After 
5 the AgNOa dissolved (1.5 h). f-butyldimethylsilyl chloride (0.35 g » 2.3 
mmol) was added and the reaction mixture was stirred at RT for 16 h. The 
reaction mixture was diluted with CH2CI2 (100 mL). filtered into sat. 
NaHCOs (50 mL), extracted, the organic layer washed with brine (2 x 50 
mL), dried over MgS04 and evaporated to dryness. The product 27 was 
10 purified by flash chromatography using a hexanes:EtOAc / 7:3 gradient. 
Yield: 0.7 g (50%). 

Example 51 : A/£-Benzovl-9-f-5'-0-Dimethoxvtritvl-2'-0-f-butvldimethylsilyl- 
6'-Deoxv-p-D-Allofuranosvnadenine-3'-f2-Cvanoethvl A/.A/-diisoprQpyl- 
phosohoramidite^ (31 

15 Standard phosphitylation of 27 according to Scaringe,S.A.; 

Franklyn,C.; Usman,N. Nucleic Acids Res, 1990. 18, 5433-5441 yielded 
phosphoramidite 31 in 73% yield. 

Example 52: Methyl-5-0-p-Nitrobenzovl-2.3-Olsopropvlidine-6-deoxy'p-L- 
Tatlofuranoslde (5) 

20 Methylfuranoside 4 (3.1 g 14.2 mmol) was dissolved in dry dioxane 

(200 mL), p-nitrobenzoic acid (10.0 g, 60 mmol) and triphenylphosphine 
(15.74 g, 60.0 mmol) were added followed by DEAD (10.45 g, 60.0 mmol). 
The reaction mixture was left at RT for 16 h. EtOH (5 mL) was added, and 
after 0.5 h the reaction mixture was evaporated to dryness. The residue 

25 was dissolved in CH2Ci2 (300 mL) washed with sat. NaHCOa (2 x 75 mL). 
brine (2 x 75 mL) dried over MgS04 and evaporated to dryness. 
Purification by flash chromatography using a hexanes:EtOAc / 9:1 gradient 
yielded 4.1 g (78%) of compound 33. Subsequent debenzoylation 
(NaOMe/MeOH) and silylation (see preparation of 5) led to L- 

30 talofuranoside 34 which was converted to phosphoramidites 58-61 using 
the same methodology as described above for the preparation of the 
phosphoramidites of the D-allo-isomers 29-32. 



The alkyi substituted nucleotides of this invention can be used to form 
stable oligonucleotides as discussed above for use in enzymatic cleavage 
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or antisense situations. Such oligonucleotides can be formed 
enzymatically using triphosphate forms by standard procedure. 
Administration of such oligonucleotides is by standard procedure. See 
Sullivan et aL, PCX WO 94/ 02595. 

5 The ribozymes and the target RNA containing site O were 

synthesized, deprotected and purified as described above. RNA cleavage 
assay was carried our at 37°C in the presence of 10 mM MgCi2 as 
described above. 

Applicant has substituted 5'-C-Me-L-talo nucleotides at positions A6, 
10 A9, A9 + G10, C11.1 and C11.1 + G10, as shown in Figure 78 (HH-01 to 
HH-05). HH'O 1,2,4 and 5 showed almost wild type activity (Figure 79). 
However, HH-03 demonstrated low catalytic activity. Ribozymes HH-OI, 
2, 3, 4 and 5 are also extremely resistant to degradation by human 
serum nucleases. 

15 Oligonucleotides with 2'-Deoxy-2'-Alkvlnucleotide 

This invention uses 2'-deoxy-2'-alkylnucleotides in oligonucleotides, 
which are particularly useful for enzymatic cleavage of RNA or single- 
stranded DNA. and also as antisense oligonucleotides. As the term is used 
in this application. 2*-deoxy-2'-alkylnucleotide-containing enzymatic 

20 nucleic acids are catalytic nucleic molecules that contain 2'-deoxy-2'- 
alkylnucleotide components replacing, but not limited to, double stranded 
stems, single stranded "catalytic core" sequences, single-stranded loops or 
single-stranded recognition sequences. These molecules are able to 
cleave (preferably, repeatedly cleave) separate RNA or DNA molecules In 

25 a nucleotide base sequence specific manner. Such catalytic nucleic acids 
can also act to cleave intramolecuiariy if that is desired. Such enzymatic 
molecules can be targeted to virtually any RNA transcript. 

Also within the invention are 2'-deoxy-2'-alkylnucleotides which may 
be present in enzymatic nucleic acid or even in antisense oligonucleotides. 

30 Contrary to the findings of De Mesmaeker et aL applicant has found that 
such nucleotides are useful since they enhance the stability of the 
antisense or enzymatic molecule, and can be used in locations which do 
not affect the desired activity of the molecule. That is, while the presence of 
the 2'-alkyl group may reduce binding affinity of the oligonucleotide 

35 containing this modification, if that moiety is not in an essential base pair 
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forming region then the enhanced stability that it provides to the molecule 
is advantageous. In addition, while the reduced binding may reduce 
enzymatic activity, the enhanced stability may make the loss of activity of 
less consequence. Thus, for example, if a 2'-deoxy-2'-alkyl-containing 
5 molecule has 10% the activity of the unmodified molecule, but has 10-fold 
higher stability in vivo then it has utility in the present invention. The same 
analysis is true for antisense oligonucleotides containing such 
modifications. The invention also relates to novel intermediates useful in 
the synthesis of such nucleotides and oligonucleotides (examples of which 
1 0 are shown in the Figures), and to methods for their synthesis. 

Thus, in one aspect, the invention features 2*-deoxy-2'- 
alkyinucleotides. that is a nucleotide base having at the 2'-position on the 
sugar molecule an alkyi moiety and in preferred embodiments features 
those where the nucleotide is not uridine or thymidine. That is, the 
15 invention preferably includes all those nucleotides useful for making 
enzymatic nucleic acids or antisense molecules that are not described by 
the art discussed above. 

Examples of various alkyI groups useful in this invention are shown in 
Figure 81, where each R group is any alkyl. The term "alkyl" does not 
20 include alkoxy groups which have an "-O-alkyI" group, where "alkyl" is 
defined as described above, where the O is adjacent the 2'-position of the 
sugar molecule. 

In other aspects, also related to those discussed above, the invention 
features oligonucleotides having one or more 2'-deoxy-2'-alkyinucleotides 

25 (preferably not a 2*-alkyl- uridine or thymidine); e.gr. enzymatic nucleic 
acids having a 2'-deoxy-2*-alky!nucleotide; and a method for producing an 
enzymatic nucleic acid molecule having enhanced activity to cleave an 
RNA or single-stranded DNA molecule, by forming the enzymatic molecule 
with at least one nucleotide having at its 2 -position an alkyl group. In other 

30 related aspects, the invention features 2*-deoxy-2'-alkylnucleotide 
triphosphates. These triphosphates can be used in standard protocols to 
fonn useful oligonucleotides of this invention. 

The 2 -alkyl derivatives of this invention provide enhanced stability to 
the oligonulceotides containing them. While they may also reduce 
35 absolute activity in an in vitro assay they will provide enhanced overall 
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activity in vivo. Below are provided assays to determine which such 
molecules are useful. Those in the art will recognize that equivalent 
assays can be readily devised. 

In another aspect, the invention features hammerhead motifs having 
5 enzymatic activity having ribonucleotides at locations shown in Figure 80 at 
5, 6, 8, 12. and 15.1. and having substituted ribonucleotides at other 
positions in the core and in the substrate binding arms if desired. (The term 
"core" refers to positions between bases 3 and 14 in Figure 80, and the 
binding arms correspond to the bases from the 3'-end to base 15.1, and 
10 from the 5'-end to base 2). Applicant has found that use of ribonucleotides 
at these five locations in the core provide a molecule having sufficient 
enzymatic activity even when modified nucleotides are present at other 
sites in the motif. Other such combinations of useful ribonucleotides can be 
determined as described by Usman et al. supra. 

1 5 Figure 80 shows base numbering of a hammerhead motif in which the 

numbering of various nucleotides in a hammerhead ribozyme is provided. 
This is not to be taken as an indication that the Figure is prior art to the 
pending claims, or that the art discussed is prior art to those claims. 
Referring to Figure 80 the preferred sequence of a hammerhead ribozyme 

20 in a 5'- to 3 -direction of the catalytic core is CUGANGAG[base paired 
with]CGAAA. In this invention, the use of 2'-C-alkyl substituted nucleotides 
that maintain or enhance the catalytic activity and or nuclease resistance of 
the hammerhead ribozyme is described. Although substitutions of any 
nucleotide with any of the modified nucleotides shown in Figure 81 are 

25 possible, and were indeed synthesized, the basic structure composed of 
promarily 2'-0-Me nucleotides weth selected substitutions was chosen to 
maintain maximal catalytic activity (Yang et aL Biochemistry ^992, 31, 
5005-5009 and Paolella et aL , EMBO J. 1992, 11. 1913-1919) and ease 
of synthesis, but is not limiting to this invention. 

30 Ribozymes from Figure 80 and Table 45 were synthesized and 

assayed for catalytic activity and nuclease resistance. With the exception 
of entries 8 and 17. all of the modified ribozyrnes retained at lease 1/10 of 
the wild-type catalytic activity. From Table 45, all 2'-modified ribozymes 
showed very large and significant increases in stability in human serum 

35 (shown) and in the other fluids described below (Example 55, data not 
shown). The order of most agressive nuclease activity was fetal bovine 
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serum, > human serum >human plasma > human synovial fluid. As an 
overall measure of the effect of these 2'-subst[tutions on stability and 
activity, a ratio B was calculated (Table 45). This B value indicated that all 
modified ribozymes tested had significant, >100 - >1700 fold, increases in 
5 overall stability and activity. These increases in B indicate that the lifetime 
of these modified ribozymes in vivo are significantly increased which 
should lead to a more pronounced biological effect. 

More general substitutions of the 2*-modified nucleotides from Figure 
81 also increased the ti/2 of the resulting modified ribozymes. 
10 However the catalytic activity of these ribozymes was 
decreased > 10-fold. 

In Figure 86 compound 37 may be used as a general 
intermediate to prepare derivatized 2*C-alkyI phosphoramidites. 
where X is CH3, or an alkyi, or other group described above. 

15 The following are non-limiting examples showing the synthesis of 

nucleic acids using 2'-C^a!kyl substituted phosphoramidites, the syntheses 
of the amidites, their testing for enzymatic activity and nuclease resistance. 

Example 5 3: Svnthesis of Hammerhead Ribozvmes Containino 2'-Deoyy- 
2'-Alkvinucleotides & Other 2'-Modified Nucleotides 

20 The method of synthesis used generally follows the procedure for 

normal RNA synthesis as described in Usman,N.; Ogilvie,K.K.; Jiang, M.-Y.; 
Cedergren,R.J. J. Am. Ciiem, Soc. 1987, 109, 7845-7854 and in 
Scaringe,S.A.; Frankiyn,C.; Usman,N. Nucleic Acids Res, 1990, 18, 5433- 
5441 and makes use of common nucleic acid protecting and coupling 

25 groups, such as dimethoxytrityl at the 5*-end, and phosphoramidites at the 
3'-end (compounds 10, 12. 17, 22, 31, 18, 26, 32, 36 and 38). Other 
2'-modified phosphoramidites were prepared according to: 3 & 4, Eckstein 
et al. International Publication No. WO 92/07065; and 5 Kois et ai 
Nucleosides & Nucleotides ^993, 12, 1093-1109. The average stepwise 

30 coupling yields were -98%. The 2*-substituted phosphoramidites were 
incorporated into hammerhead ribozymes as shown in Figure 80. 
However, these 2'-alkyl substituted phosphoramidites may be incorporated 
not only into hammerhead ribozymes, but also into hairpin, hepatitis delta 
virus, Group I or Group II intron catalytic nucleic acids, or into antisense 
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oligonucleotides. They are, therefore, of general use in any nucleic acid 
structure. 

Example 54: Ribozvme Activity Assay 

Purified 5*-end labeled RNA substrates {15-25-mers) and purified 5'- 
5 end labeled ribozymes (-36-mers) were both heated to 95 ^'C, quenched 
on ice and equilibrated at 37 ''C. separately. Ribozyme stock solutions 
were 1 mM, 200 nM, 40 nM or 8 nM and the final substrate RNA 
concentrations were - 1 nM. Total reaction volumes were 50 mL. The 
assay buffer was 50 mM Tris-CI. pH 7.5 and 10 mM MgCl2. Reactions were 
1 0 initiated by mixing substrate and ribozyme solutions at t = 0. Aliquots of 5 
mL were removed at time points of 1, 5, 15. 30, 60 and 120 m. Each time 
point was quenched in formamide loading buffer and loaded onto a 15% 
denaturing polyacrylamide gel for analysis. Quantitative analyses were 
performed using a phosphorimager (Molecular Dynamics). 

15 Example 55: Stabilitv Assav 

500 pmol of gel-purified 5*-end-iabeled ribozymes were precipitated 
in ethanol and pelleted by centrifugation. Each pellet was resuspended in 
20 mL of appropriate fluid (human serum, human plasma, human synovial 
fluid or fetal bovine serum) by vortexing for 20 s at room temperature. The 

20 samples were placed into a 37 incubator and 2 mL aliquots were 
withdrawn after incubation for 0, 15, 30, 45. 60, 120, 240 and 480 m. 
Aliquots were added to 20 mL of a solution containing 95% formamide and 
0,5X TBE (50 mM Tris, 50 mM borate, 1 mM EDTA) to quench further 
nuclease activity and the samples were frozen until loading onto gels. 

25 Ribozymes were size-fractionated by electrophoresis in 20% 
acrylamide/8M urea gels. The amount of intact ribozyme at each time point 
was quantified by scanning the bands with a phosphorimager (Molecular 
Dynamics) and the half-life of each ribozyme in the fluids was determined 
by plotting the percent intact ribozyme vs the time of incubation and 

30 extrapolation from the graph. 

Example 56: 3'.5'-0'fT etraisoDropvl-disiloxane-1 .3-divn.2'-O^Phenoxvthio- 
carbonvl-Uridine (7) 



To a stirred solution of 3',5'-0-(tetraisopropyl-disiloxane-1 ,3-diyl)- 
uridine, 6, (15.1 g, 31 mmol, synthesized according to Nucleic Acid 
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10 



15 



20 



25 



Chemistry, ed. Leroy Townsend, 1986 pp. 229-231) and dimethylamino- 
pyridine (7.57 g, 62 mmol) a solution of phenylchlorothionoformate (5.15 
mL. 37.2 mmol) in 50 mL of acetonitrile was added dropwise and the 
reaction stirred for 8 h. TLC (EtOAc:hexanes / 1:1) showed disappearance 
of the starting material. The reaction mixture was evaporated, the residue 
dissolved in chloroform, washed with water and brine, the organic layer 
was dried over sodium sulfate, filtered and evaporated to dryness. The 
residue was purified by flash chromatography on silica gel with 
EtOAc:hexanes / 2:1 as eiuent to give 16.44 g (85%) of 7. 

Example 57: 3'.5'-OfTetraisoproDvl-disiioxane-1.3>diyh-2'-C-A!lvl -Uririinfi 



To a refluxing. under argon, solution of 3',5'-0-(tetraisopropyl- 
disiloxane-1,3-diyl)-2'-0-phenoxythiocarbonyl-uridine, 7, (5 g, 8.03 mmol) 
and allyltributyltin (12.3 mL, 40.15 mmol) in dry toluene, benzoyl peroxide 
(0.5 g) was added portionwise during 1 h. The resulting mixture was 
allowed to reflux under argon for an additional 7-8 h. The reaction was 
then evaporated and the product 8 purified by flash chromatography on 
silica gel with EtOAcihexanes / 1:3 as eiuent. Yield 2.82 g (68.7%). 

Example 58: 5'-a-Dimethoxvtritvl-2'-C^AIIvl-Uridine (9) 

A solution of 8 (1.25 g. 2.45 mmol) in 10 mL of dry tetrahydrofuran 
(THF) was treated with a 1 M solution of tetrabutylammoniumfluoride in 
THF (3.7 mL) for 10 m at room temperature. The resulting mixture was 
evaporated, the residue was loaded onto a silica gel column, washed with 
1 L of chloroform, and the desired deprotected compound was eluted with 
chloroformimethano! / 9:1. Appropriate fractions were combined, solvents 
removed by evaporation, and the residue was dried by coevaporation with 
dry pyridine. The oily residue was redissolved in dry pyridine, 
dimethoxytritylchloride (1.2 eq) was added and the reaction mixture was 
left under anhydrous conditions overnight. The reaction was quenched 
with methanol (20 mL), evaporated, dissolved in chloroform, washed with 
5% aq. sodium bicarbonate and brine. The organic layer was dried over 
sodium sulfate and evaporated. The residue was purified by flash 
chromatography on silica gel, EtOAcihexanes / 1:1 as eiuent, to give 0.85 g 
(57%) of 9 as a white foam. 
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Example 59: 5'-ODimethoxvtritvl-2'-C-Allvl-Uridine 3'-(2-Cvanoethvl A/./V- 
diisopropylphosphoramidite) (10) 

5'-0-Dimethoxytrityl-2'-C-allyl-uridine (0.64 1.12 mmol) was 
dissolved in dry dichloromethane under dry argon. A/,A/-Diisopropylethyl- 
5 amine (0.39 mL. 2.24 mmol) was added and the solution was ice-cooled. 
2-Cyanoethyl A/,A/-diisopropylchlorophosphoramidite (0.35 mL, 1.57 mmol) 
was added dropwise to the stirred reaction solution and stirring was 
continued for 2 h at RT. The reaction mixture was then ice-cooled and 
quenched with 12 mL of dry methanol. After stirring for 5 m, the mixture 
1 0 was concentrated in vacuo (40 °C) and purified by flash chromatography 
on silica gel using a gradient of 10-60% EtOAc in hexanes containing 1% 
triethylamine mixture as eluent. Yield: 0.78 g (90%), white foam. 

Example 60: 3\5'-0-fTetra!SODropv!-disiloxane-1 .3-divn-2'-C-Allvl-A/ 4- 
Acetvl-Cvtidine (11) 

1 5 Triethylamine (6.35 mL. 45.55 mmol) was added dropwise to a stirred 

ice-cooled mixture of 1 ,2,4-triazole (5.66 g, 81.99 mmol) and phosphorous 
oxychloride (0.86 mL. 9.11 mmol) in 50 mL of anhydrous acetonitrile. To 
the resulting suspension a solution of 3'.5'-0-(tetraisopropyl-djsiloxane- 
1 ,3-diyl)-2'-C-allyl uridine (2.32 g. 4.55 mmol) in 30 mL of acetonitrile was 

20 added dropwise and the reaction mixture was stirred for 4 h at room 
temperature. The reaction was concentrated in vacuo to a minimal volume 
(not to dryness). The residue was dissolved in chloroform and washed with 
water, saturated aq. sodium bicarbonate and brine. The organic layer was 
dried over sodium sulfate and the solvent was removed in vacuo. The 

25 resulting foam was dissolved in 50 mL of 1,4-dioxane and treated with 29% 
aq. NH4OH overnight at room temperature. TLC (chloroform:methanol / 
9:1) showed complete conversion of the starting material. The solution was 
evaporated, dried by coevaporation with anhydrous pyridine and 
acetylated with acetic anhydride (0.52 mL, 5.46 mmol) in pyridine 

30 overnight. The reaction mixture was quenched with methanol, evaporated, 
the residue was dissolved in chloroform, washed with sodium bicarbonate 
and brine. The organic layer was dried over sodium sulfate, evaporated to 
dryness and purified by flash chromatography on silica gel (3% MeOH in 
chloroform). Yield 2.3 g (90%) as a white foam. 
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Example 61: 5'-0-Dimethoxvtntvl-2'-C-Allvl-A^-Acetyl-Cvtidtne 

This compound was obtained analogously to the uridine derivative 9 
in 55% yield. 

Example 62: 5'-0-Dimethoxytrityl-2'-C-allvl-A/l-Acetvl-Cytidine 3*-(2- 
5 Cvanoethyl A/.A/>diisopropylphosphoramidite^ (121 

2'-0-Dimethoxytrityl-2'-C-allyl-A/^-acetyi cytidine (0.8 g, 1.31 mmol) 
was dissolved in dry dichloromethane under argon. A/,A/-Diisopropylethyl- 
amine (0.46 mL, 2.62 mmol) was added and the solution was ice-cooled. 
2-Cyanoethyl A/,A/-diisopropyIchiorophosphoramidite (0.38 mL, 1.7 mmol) 

10 was added dropwise to a stirred reaction solution and stirring was 
continued for 2 h at room temperature. The reaction mixture was then ice- 
cooled and quenched with 12 mL of dry methanol. After stirring for 5 m. the 
mixture was concentrated In vacuo (40 "C) and purified by flash 
chromatography on silica gel using chloroform:ethanol / 98:2 with 2% 

15 triethylamine mixture as eluent. Yield: 0.91 g (85%), white foam. 

Example 63: 2'-Deoxv-2'-Methvlene-Uridine 

2'-Deoxy-2*-methylene-3',5'-0-(tetraisopropyldisiloxane-1,3-diyl)- 
uridine 14 (Hansske.F.; Madej,D.; Robins,M. J. Tetrahedron 1984, 40, 125 
and Matsuda,A.; Takenuki.K,; Tanaka,S.; Sasaki.T.; Ueda,T. J. Med. Chem. 
20 1991. 34, 812) (2.2 g, 4.55 mmol ) dissolved in THF (20 mL) was treated 
with 1 M TBAF in THF (10 mL) for 20 m and concentrated in vacuo. The 
residue was triturated with petroleum ether and chromatographed on a 
silica gel column. 2'-Deoxy-2*-methylene-uridine (1.0 g, 3.3 mmol, 72.5%) 
was eluted with 20% MeOH in CH2CI2. 

25 Example 64: 5*-0-DMT-2'-Deoxv-2'>Methvlene-Uridine M5\ 

2'-Deoxy-2'-methylene-uridine (0.91 g, 3.79 mmol) was dissolved in 
pyridine (10 mL) and a solution of DMT-CI in pyridine (10 mL) was added 
dropwise over 15 m. The resulting mixture was stirred at RT for 12 h and 
MeOH (2 mL) was added to quench the reaction. The mixture was 
30 concentrated in vacuo and the residue taken up in CH2CI2 (100 mL) and 
washed with sat. NaHCOa, water and brine. The organic extracts were 
dried over MgS04, concentrated in vacuo and purified over a silica gel 
column using EtOAc:hexanes as eluant to yield 15 (0.43 g, 0.79 mmol, 
22%). 
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Example 65: 5'-0-DMT-2'-Deoxv-2'-Methvlene>Uridin6 3'-(2-Cvanoethvl 
A/.A/-diisopropvlDhosphoramidite) (17) 

1-(2*-Deoxy-2*-methylene-5'-0-dimethoxytrityl-p-D-ribofuranosyl)- 
uracil (0.43 g, 0.8 mmol) dissolved in dry CH2CI2 (15 mL) was placed in a 
5 round-bottom flask under Ar. Diisopropylethylamine (0.28 mL. 1.6 mmol) 
was added, followed by the dropwise addition of 2-cyanoethyl A/,A/-diiso- 
propylchlorophosphoramidite (0.25 mL, 1.12 mmol). The reaction mixture 
was stirred 2 h at RT and quenched with ethanol (1 mL). After 10 m the 
mixture evaporated to a syrup in vacuo (40 °C). The product (0.3 g, 0.4 
10 mmol, 50%) was purified by flash column chromatography over silica gel 
using a 25-70% EtOAc gradient in hexanes, containing 1% triethyiamine, 
as eluant. Rf 0.42 (CHaCia: MeOH / 15:1) 

Example 66: 2'-Deoxv-2'-Difi uoromethvlene-3'.5'-0-fTetraiso pmpvldii^ilnY- 
ane-1 .S-divH-Uridine 

15 2'-Keto-3\5'-0-{tetraisopropyldisiloxane-1,3-diyl)uridine 14 (1.92 g, 

12.6 mmol) and triphenylphosphine (2.5 g, 9.25 mmol) were dissolved in 
diglyme (20 mL), and heated to a bath temperature of 160 °C. A warm (60 
°C) solution of sodium chlorodifluoroacetate in diglyme (50 mL) was added 
(dropwise from an equilibrating dropping funnel) over a period of -1 h. The 

20 resulting mixture was further stirred for 2 h and concentrated in vacuo. The 
residue was dissolved in CH2CI2 and chromatographed over silica gel. 2*- 
Deoxy-2'-difluoromethylene-3\5*-0-(tetraisopropyIdisiloxane-1,3-diyl). 
uridine (3.1 g, 5.9 mmol, 70%) eiuted with 25% hexanes in EtOAc. 

Example 67: 2'-Deoxv-2'-Difluoromethvlene-Uridinfi 

25 2'-Deoxy-2'-methylene-3',5'-0-(tetraisopropyldisiloxane-1.3-diyl)- 

uridine (3.1 g, 5.9 mmol) dissolved in THF (20 mL) was treated with 1 M 
TBAF in THF (10 mL) for 20 m and concentrated in vacuo. The residue was 
triturated with petroleum ether and chromatographed on silica gel column. 
2'-Deoxy-2'-difluoromethylene-uridine (1.1 g, 4.0 mmol, 68%) was eiuted 

30 with 20% MeOH in CH2CI2. 

Example 68: 5'-0-DMT-2 '-Deoxv-2'-DifluorQmethvlene-Uridlne (1fi) 

2'-Deoxy-2*-difluoromethylene-uridine (1.1 g, 4.0 mmol) was 
dissolved in pyridine (10 mL) and a solution of DMT-CI (1.42 g, 4.18 mmol) 
in pyridine (10 mL) was added dropwise over 15 m. The resulting mixture 



wo 95/23225 PCT/IB95/00156 



131 

was stirred at RT for 12 h and MeOH (2 mL) was added to quench the 
reaction. The mixture was concentrated in vacuo and the residue taken up 
in CH2CI2 (100 mL) and washed with sat. NaHCOa, water and brine. The 
organic extracts were dried over MgS04. concentrated in vacuo and 
5 purified over a silica gel column using 40% EtOAc:hexanes as eluant to 
yield 5'-0-DMT-2'-deoxy-2*-difluoromethylene-uridine 16 (1.05 g. 1.8 
mmol, 45%). 

Example 69: 5 -0-DMT>2*-Deoxv-2'-Difluoromethvlene-Uridine 3'-f2- 
Cvanoethvl A/.A/-dlisopropylphosphoramidite^ (18^ 

1 0 1 -(2*-Deoxy-2'-difluoromethylene-5'-0-dimethoxytrityl-p-D-ribofurano- 

syl)-uracil (0.577 g, 1 mmol) dissolved in dry CH2CI2 (15 mL) was placed in 
a round-bottom flask under Ar. Diisopropylethylamine (0.36 mL. 2 mmol) 
was added, followed by the dropwise addition of 2-cyanoethyl N,A/-diiso- 
propylchlorophosphoramidite (0.44 mL, 1.4 mmol). The reaction mixture 

15 was stirred for 2 h at RT and quenched with ethanol (1 mL). After 10 m the 
mixture evaporated to a syrup in vacuo (40 °C). The product (0.404 g, 0.52 
mmol, 52%) was purified by flash chromatography over silica gel using 20- 
50% EtOAc gradient in hexanes. containing 1% triethylamine, as eluant. Rf 
0.48 (CH2CI2: MeOH / 15:1). 

20 Example 70: 2'-Deoxv-2'-Methvlen6-3V 5'-0-(Tetraic;oDroDvirii<^ilnYnnA-i ,r:t. 
divn-4-A/-Acetvl-Cvtidine 20 

Triethylamine (4.8 mL, 34 mmol) was added to a solution of POCI3 
(0.65 mL. 6.8 mmol) and 1 ,2.4-tria2ole (2.1 g, 30.6 mmol) in acetonltrile (20 
mL) at 0 "^C. A solution of 2'-deoxy-2'-methylene-3'.5 -0-(tetraisopropyldi- 

25 siIoxane-1.3-diyl) uridine 19 (1.65 g. 3.4 mmol) in acetonltrile (20 mL) was 
added dropwise to the above reaction mixture and left to stir at room 
temperature for 4 h. The mixture was concentrated in vacuo, dissolved in 
CH2CI2 (2 x 100 mL) and washed with 5% NaHCOs (1 x 100 mL). The 
organic extracts were dried over Na2S04 concentrated in vacuo, dissolved 

30 in dioxane (10 mL) and aq. ammonia (20 mL). The mixture was stirred for 
12 h and concentrated in vacuo. The residue was azeotroped with 
anhydrous pyridine (2 x 20 mL). Acetic anhydride (3 mL) was added to the 
residue dissolved in pyridine, stirred at RT for 4 h and quenched with sat. 
NaHCOa (5 mL). The mixture was concentrated in vacuo, dissolved in 

35 CH2Ci2 (2 X 100 mL) and washed with 5% NaHCOa (1 x 100 mL). The 
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organic extracts were dried over Na2S04, concentrated in vacuo and the 
residue chromatographed over silica gel. 2*-Deoxy-2'-methylene-3',5*-0- 
(tetrajsopropyldisiloxane-1,3-diyl)-4-A/-acetyl-cytidine 20 (1.3 g, 2.5 mmol. 
73%) was eluted with 20% EtOAc in hexanes. 

Example 71 : 1-(2'-Deoxv-2'-Methvlene-5'-ODimethQxvtritvl-p-D-ribo- 
furanosvn-4-A/-Acetvl-Cvtosine 21 

2'-Deoxy-2'-methylene-3',5'-0-(tetraisopropyldisiloxane-1,3-diyl)-4-A/- 
acetyl-cytidine 20 (1.3 g. 2.5 mmol) dissolved in THF (20 mL) was treated 
with 1 M TBAF in THF (3 mL) for 20 m and concentrated in vacuo. The 
residue was triturated with petroleum ether and chromatographed on silica 
get column. 2'-Deoxy-2'-methyiene-4-A/-acetyl-cytidine (0.56 g, 1.99 mmol, 
80%) was eluted with 10% MeOH in CH2CI2. 2'-Deoxy-2'-methylene-4-A/- 
acetyl-cytidine (0.56 g. 1,99 mmol) was dissolved in pyridine (10 mL) and a 
solution of DMT-CI (0.81 g, 2,4 mmol) in pyridine (10 mL) was added 
dropwise over 15 m. The resulting mixture was stirred at RT for 12 h and 
MeOH (2 mL) was added to quench the reaction. The mixture was 
concentrated in vacuo and the residue taken up in CH2CI2 (100 mL) and 
washed with sat. NaHCOa (50 mL), water (50 mL) and brine (50 mL). The 
organic extracts were dried over MgS04, concentrated in vacuo and 
purified over a silica gel column using EtOAc:hexanes / 60:40 as eluant to 
yield 21 (0.88 g, 1 .5 mmol, 75%). 

Example 72: 1 -(2'-Deoxv-2'-Methvle ne-5'-0-Dimethoxvtritvl-p-n-riho- 
furanosvn-4-/V-Acetvl-Cvtosine 3'-( 2-Cvanoethy|.A/./V-diisQpropvlDhosDhor- 
amidite) (22) 

1-(2*-Deoxy-2'-methy!ene-5-0-dimethoxytrityl-p-D-ribofuranosyl)-4-A/- 
acetyl-cytosine 21 (0.88 g, 1.5 mmol) dissolved in dry CH2CI2 (10 mL) was 
placed in a round-bottom flask under Ar. Dilsopropylethylamine (0.8 mL, 
4.5 mmol) was added, followed by the dropwise addition of 2-cyanoethyl 
A/,A/-diisopropyIchlorophosphoramidite (0.4 mL, 1.8 mmol). The reaction 
mixture was stirred 2 h at room temperature and quenched with ethanol (1 
mL). After 10 m the mixture evaporated to a syrup in vacuo (40 ^'C). The 
product 22 (0.82 g, 1.04 mmol, 69%) was purified by flash chromatography 
over silica gel using 50-70% EtOAc gradient in hexanes. containing 1% 
triethylamine, as eluant. Rf 0.36 (CH2Cl2:MeOH / 20:1). 
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Example 73: 2'-Deoxy-2'-Difiuoromethyiene-3'.5'-0-fTetraisoDroDvl 
disiloxane-1 .3-divn-4-A/-Acetvl-Cvtidine (24^ 

EtsN (6.9 mL, 50 mmol) was added to a solution of POCI3 (0.94 mL, 
10 mmol) and 1,2,4-tria2ole (3.1 g, 45 mmol) in acetonitrile (20 mL) at 0 °C. 
5 A solution of 2'-deoxy-2*-difluoromethylene-3*,5'-0-(tetraisopropyldisilox- 
ane-1.3-dlyl)uridine 23 ([described in example 14] 2.6 g. 5 mmol) in 
acetonitrile (20 mL) was added dropwise to the above reaction mixture and 
left to stir at RT for 4 h. The mixture was concentrated in vacuo, dissolved 
in CH2CI2 (2 x 100 mL) and washed with 5% NaHCOa (1 x 100 mL). The 

1 0 organic extracts were dried over Na2S04 concentrated in vacuo, dissolved 
in dioxane (20 mL) and aq. ammonia (30 mL). The mixture was stirred for 
12 h and concentrated in vacuo. The residue was azeotroped with 
anhydrous pyridine (2 x 20 mL). Acetic anhydride (5 mL) was added to the 
residue dissolved in pyridine, stirred at RT for 4 h and quenched with sat. 

15 NaHCOs (5mL). The mixture was concentrated in vacuo, dissolved in 
CH2CI2 (2 x 100 mL) and washed with 5% NaHCOs (1 x 100 mL). The 
organic extracts were dried over Na2S04, concentrated in vacuo and the 
residue chromatographed over silica gel. 2*-Deoxy-2'"difluoromethylene- 
3\5'-0(tetraisopropyldisiloxane-1,3-diyl)-4-A^-acetyl-cytidine 24 (2.2 g, 3.9 

20 mmol, 78%) was eluted with 20% EtOAc in hexanes. 

Example 74: 1 -f2'-Deoxv-2'-Difluoromethylene-5*-Q-Dimethoxvtritvi-p-D> 
ribofuranosyn-4-A/-Acetvl-Cytosine (25^ 

2'-Deoxy-2*-difluoromethylene-3',5*-0-(tetraisopropyldisiloxane-1,3- 
diyl)-4-A/-acetyl-cytidine 24 (2.2 g, 3.9 mmol) dissolved in THF (20 mL) was 

25 treated with 1 M TBAF In THF (3 mL) for 20 m and concentrated in vacuo. 
The residue was triturated with petroleum ether and chromatographed on a 
silica gel column. 2'-Deoxy-2*-difluoromethylene"4-A/-acetyl-cytidine (0.89 
9, 2.8 mmol, 72%) was eluted with 10% MeOH in CH2CI2. 2'-Deoxy-2'- 
difluoromethylene-4-A/-acetyl-cytidine (0.89 g, 2.8 mmol) was dissolved in 

30 pyridine (10 mL) and a solution of DMT-CI (1.03 g, 3.1 mmol) in pyridine 
(10 mL) was added dropwise over 15 m. The resulting mixture was stirred 
at RT for 12 h and MeOH (2 mL) was added to quench the reaction. The 
mixture was concentrated in vacuo and the riesidue taken up in CH2CI2 
(100 mL) and washed with sat. NaHCOs (50 mL), water (50 mL) and brine 

35 (50 mL). The organic extracts were dried over MgS04, concentrated in 



wo 95/23225 PCT/IB95/00156 

134 

vacuo and purified over a silica gel column using EtOAcrhexanes / 60:40 
as eluant to yield 25 (1.2 g, 1.9 mmol, 68%). 

Example 75: 1 ■f2'-Deoxv-2'-Dif luoromethyiene-S'-O-Dimethoxytritvl-p-D- 
ribofuranosvl>-4-A/-Acetvlcvtosine 3'-r2-cvanoethvl-N.N-diisopropvlphos- 
5 phoramidite) (26) 

1-(2'-Deoxy-2'-difluoromethylene-5'-0-dimethoxytrity!-p-D-ribofurano- 
syl)-4-A/-acetylcytosine 25 (0.6 g. 0.97 mmol) dissolved in dry CH2CI2 (10 
mL) was placed in a round-bottom flask under Ar. Diisopropylethylamine 
(0.5 mL, 2.9 mmol) was added, followed by the dropwise addition of 2- 

10 cyanoethyl A/,W-diisopropylchlorophosphoramidite (0.4 mL. 1.8 mmol). The 
reaction mixture was stirred 2 h at RT and quenched with ethanol (1 mL). 
After 10 m the mixture was evaporated to a syrup in vacuo (40 °C), The 
product 26. a white foam (0.52 g, 0.63 mmol. 65%) was purified by flash 
chromatography over silica gel using 30-70% EtOAc gradient in hexanes. 

1 5 containing 1% triethylamine, as eluant. Rf 0.48 (CH2Cl2:MeOH / 20:1). 

Example 76: 2'-Keto-3'.5'-0-fTetraisoDropvldisiloxane-1 .3-divn-6-A/-(4-f- 
Butvlbenzoyn-Adenosine (28) 

Acetic anhydride (4.6 mL) was added to a solution of 3',5*-0(tetraiso- 
propyldisiloxane-1,3-diyl)-6-A/-(4-f-butylbenzoyl)-adenosine (Brown.J.; 

20 Christodolou, C; Jones.S.; Modak.A.; Reese,C.; Sibanda.S.; Ubasawa A. 
J. Chem ,Soc, Perkin Trans. /1 989. 1735) (6.2 g. 9.2 mmol) in DMSO (37 
mL) and the resulting mixture was stirred at room temperature for 24 h. The 
mixture was concentrated in vacuo. The residue was taken up in EtOAc 
and washed with water. The organic layer was dried over MgS04 and 

25 concentrated in vacuo. The residue was purified on a silica gel column to 
yield 2'-keto-3\5'-0-(tetraisopropyldisiloxane-1,3-diyl)-6-N-(4-f-butylben- 
2oyl)-adenosine 28 (4.8 g. 7.2 mmol, 78%). 

Example 7 7: 2 -Deoxv-2'-methylene-3'.5'-0-fTetraisQpropvldisiloxane-1 .r^- 
divlV6-A/-(4-f-Butvlben20vn-Adenosine (29) 

30 Under a pressure of argon, sec-butyllithium in hexanes (1 1.2 mL. 14.6 

mmol) was added to a suspension of triphenylmethylphosphonium iodide 
(7.07 9.1 7.5 mmol) in THF (25 mL) cooled at -78 '='0, The homogeneous 
orange solution was allowed to warm to -30 °C and a solution of 2'-keto- 
3\5'-0-(tetraisopropyldisiloxane-1.3-diyl)-6-A/-(4-f-butylbenzoy!)-adenosine 
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28 (4.87 g, 7.3 mmol) in THF (25 mL) was transferred to this mixture under 
argon pressure. After warming to RT, stirring was continued for 24 h. THF 
was evaporated and replaced by CH2CI2 (250 mL), water was added (20 
mL)» and the solution was neutralized with a cooled solution of 2% HCI. 
5 The organic layer was washed with H2O (20 mL). 5% aqueous NaHCOs 
(20 mL). H2O to neutrality, and brine (10 mL). After drying (Na2S04}. the 
solvent was evaporated in vacuo to give the crude compound, which was 
chromatographed on a silica gel column. Elution with light petroleum 
ether: EtOAc / 7:3 afforded pure 2*-deoxy-2'-methylene-3',5'-0-(tetraiso- 
10 propyldisiloxane-1,3-diyl)-6-A/-(4-f-butylbenzoyI)-adenosine 29 (3.86 g, 5.8 
mmo!, 79%). 

Example 78: 2'-Deoxv-2'- Methviene-6-A/-f4-/-Butvlbenzovn-Adenosine 

2'-Deoxy-2'-methylene-3\5'-0-(tetraisopropyidisiloxane-1,3-diyl)-6-A/- 
(4-f-butylbenzoyl)-adenosine (3.86 g, 5.8 mmol) dissolved in THF (30 mL) 
15 was treated with 1 M TBAF in THF (15 mL) for 20 m and concentrated in 
vacuo. The residue was triturated with petroleum ether and 
chromatographed on a silica gel column. 2*-Deoxy-2*-methylene-6-A/-(4-f- 
butylbenzoyO-adenosine (1.8 g. 4,3 mmol, 74%) was eluted with 10% 
MeOH in CH2CI2. 

20 Example 79: 5'-0-DMT>2'-Deoxy-2^-Methvlene-6-A/-r4-f-ButvlbenzQyl)- 
Adenosine (29) 

2'-Deoxy-2'-methylene-6-A/-(4-f-butylbenzoyl)-adenosine (0.75 g, 
1.77 mmol) was dissolved in pyridine (10 mL) and a solution of DMT-CI 
(0.66 g, 1.98 mmol) in pyridine (10 mL). was added dropwise over 15 m. 

25 The resulting mixture was stirred at RT for 12 h and MeOH (2 mL) was 
added to quench the reaction. The mixture was concentrated in vacuo and 
the residue taken up in CH2CI2 (100 mL) and washed with sat. NaHCOa, 
water and brine. The organic extracts were dried over MgS04, 
concentrated in vacuo and purified over a silica gel column using 50% 

30 EtOAc:hexanes as an eluant to yield 29 (0.81 g, 1.1 mmol, 62%). 

Example 80: 5'-0-DMT-2'-Deoxv-2'-Methvlene-fi-A/-(4-f-Butvlhen7ny l )- 
Adenosine 3'-(2-Cvanoet hvl A/.A/-diisoDroDvlphosphoramidite) (31) 

1-(2'-Deoxy-2'-methylene-5'-0-dimethoxytrity!-p-D-ribofuranosyl)-6-A/- 
(4-f-butylbenzoyi)-adenine 29 dissolved in dry CH2CI2 (15 mL) was placed 
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in a round bottom flask under Ar. Diisopropylethylamine was added, 
followed by the dropwise addition of 2-cyanoethyI A/,A/- 
diisopropylchlorophosphoramidite. The reaction mixture was stirred 2 h at 
RT and quenched with ethanol (1 mL). After 10 m the mixture was 
5 evaporated to a syrup in vacuo (40 °C). The product was purified by flash 
chromatography over silica gel using 30-50% EtOAc gradient in hexanes, 
containing 1% triethylamine, as eluant (0.7 g, 0.76 mmol, 68%). Rf 0.45 
(CH2CI2: MeOH/20:1) 

Example 81 : 2'-Deoxv-2'-Difluoromethvlene-3\5'-0-(Tetraisopropvidisilox- 
10 ane-1.3>divn-6-/V-M-f-Butylben2ovn-Adenosine 

2'-Keto-3'.5*-0-{tetraisopropyldisiloxane-1,3-diyl)-6-A/-(4-?-butyl- 
ben2oyl)-adenosine 28 (6.7 g, 10 mmol) and triphenylphosphine (2.9 g, 11 
mmol ) were dissolved in diglyme (20 mL), and heated to a bath 
temperature of 160 **C. A warm (60 X) solution of sodium 

15 chlorodifluoroacetate (2.3 g, 15 mmol) in diglyme (50 mL) was added 
(dropwise from an equilibrating dropping funnel) over a period of -1 h. The 
resulting mixture was further stirred for 2 h and concentrated in vacuo. The 
residue was dissolved In CH2CI2 and chromatographed over silica gel. 2*- 
Deoxy-2'-difIuoromethylene-3',5'-0-(tetraisopropyldislloxane-1,3-diyl)-6-A/- 

20 (4-f-butylben2oyl)-adenosine (4.1g, 6.4 mmol, 64%) eluted with 15% 
hexanes in EtOAc. 

Example 82: 2'-Deoxv-2'-Difluoromethvlene-6-A/-(4-f-Butvlben7nyl)- 
Adenosine 

2*-Deoxy-2'-difluoromethylene-3\5'-0(tetraisopropyldisiIoxane-1,3- 
25 diyl)-6-A/-(4-f-butylbenzoyl)-adenosine (4.1 g, 6.4 mmol) dissolved in THF 
(20 mL) was treated with 1 M TBAF in THF (10 mL) for 20 m and 
concentrated in vacuo. The residue was triturated with petroleum ether 
and chromatographed on a silica gel column. 2*-Deoxy-2*-difluoromethyl- 
ene-6-/V-(4-f-butylbenzoyl)-adenosine (2.3 g. 4.9 mmol, 77%) was eluted 
30 with 20% MeOH in CH2CI2. 

Example 83: 5' -0-DMT-2'-Deoxv-2'-Difluoromethvlene-6-A/-M-f-Butvl- 
benzovH-Adenosine (30^ 



2*-Deoxy-2'-difluoromethylene-6-A/-(4-r-butylbenzoyl)-adenosine (2.3 
g. 4.9 mmol) was dissolved in pyridine (10 mL) and a solution of DMT-CI in 
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pyridine (10 mL) was added dropwise over 15 m. The resulting mixture 
was stirred at RT for 12 h and MeOH (2 mL) was added to quench the 
reaction. The mixture was concentrated in vacuo and the residue taken up 
in CH2CI2 (100 mL) and washed with sat. NaHCOs. water and brine, the 
5 organic extracts were dried over MgS04. concentrated in vacuo and 
purified over a silica gel column using 50% EtOAcrhexanes as eluant to 
yield 30 (2.6 g, 3.41 mmol, 69%). 

Example 84: 5'-0-DMT-2'-Deoxv-2-Difluoromethvlene-6-A/-(4-f-Butyi- 
benzovD-Adenosine 3'-f2-Cvanoethyl A/.A/-diisoproDvlDhosphoramidite^ 
10 (32^ 

1-(2*-Deoxy-2'-difluoromethylene-5'-0-dimethoxytrityl-p-D-ribofurano- 
syl)-6-A/-(4-f-butylbenzoyl)-adenine 30 (2.6 g, 3.4 mmol) dissolved in dry 
CH2CI2 (25 mL) was placed in a round bottom flask under Ar. 
Diisopropylethylamine (1.2 mL, 6.8 mmol) was added, followed by the 

15 dropwise addition of 2-cyanoethyl A/,A/-diisopropyIchlorophosphoramidite 
(1.06 mL. 4.76 mmol). The reaction mixture was stirred 2 h at RT and 
quenched with ethanol (1 mL). After 10 m the mixture evaporated to a 
syrup in vacuo (40 °C). 32 (2.3 g. 2.4 mmol. 70%) was purified by flash 
column chromatography over silica gel using 20-50% EtOAc gradient in 

20 hexanes, containing 1% triethylamine, as eluant. Rf 0.52 (CHaCIa: MeOH / 
15:1). 

Example 85: 2'-Deoxy-2'-Methoxvcarbonvlmethvlidine-a\5'-0-fTetraisn- 
propvldisiloxane-1 .S-divH-Uridine (33) 

Methyl(triphenylphosphoranylidine)acetate (5.4 g. 16 mmol) was 
25 added to a solution of 2*-keto-3'.5*-0-(tetraisopropyl disiloxane-1,3-diyl)- 
uridine 14 in CH2CI2 under argon. The mixture was left to stir at RT for 30 
h. CH2CI2 (100 mL) and water were added (20 mL). and the solution was 
neutralized with a cooled solution of 2% HCI. The organic layer was 
washed with H2O (20 mL). 5% aq. NaHCOa (20 mL). H2O to neutrality, and 
30 brine (10 mL). After drying (Na2S04), the solvent was evaporated in vacuo 
to give crude product, that was chromatographed on a silica gel column. 
Elution with light petroleum ether:EtOAc / 7:3 afforded pure 2*-deoxy-2*- 

methoxycarbonylmethylidine-3'.5'-0-(tetraisopropyldisiloxane-1.3-diyl)- 
uridine 33 (5.8 g, 10.8 mmol. 67.5%). 
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Example 86: 2'-Deoxv-2'-Methoxycarbonvlmethvlidine-Uridine (34) 

Et3N»3 HP (3 mL) was added to a solution of 2 -deoxy-2'-methoxy- 
carboxylmethylidine-3',5*-0-(tetraisopropyldisiloxane-1,3-diyl)-uridine 33 
(5 g, 9.3 mmol) dissolved in CH2CI2 (20 mL) and EtsN (15 mL). The 
resulting mixture was evaporated in vacuo after 1 h and chromatographed 
on a silica gel column eluting 2'-deoxy-2'-methoxycarbonylmethylidine- 
uridine 34 (2.4 g, 8 mmol, 86%) with THFiCHaCIa / 4:1 . 

Example 87: 5'-0-D MT-2'-Deoxv-2'-Methoxvcarbonvlmethvlidine-Urfdinfi 
05) 

2*-Deoxy-2*-methoxycarbonylmethylidine-uridine 34 (1.2 g, 4.02 
mmol) was dissolved in pyridine (20 mL). A solution of DMT-CI (1.5 g, 4.42 
mmol) in pyridine (10 mL) was added dropwise over 15 m. The resulting 
mixture was stirred at RT for 12 h and MeOH (2 mL) was added to quench 
the reaction. The mixture was concentrated in vacuo and the residue taken 
up in CH2CI2 (100 mL) and washed with sat. NaHCOs, water and brine. 
The organic extracts were dried over MgS04. concentrated in vacuo and 
purified over a silica gel column using 2-5% MeOH in CH2CI2 as an eluant 
to yield 5'-0-DMT-2'-deoxy-2'-methoxycarbonylmethylidine-undine 35 
(2.03 g, 3.46 mmol, 86%). 

Example 88: 5'-0-DMT-2'-Deoxv-2'-Methoxvcarbonvlmethvlidine-Uridine 
3'-(2-cvanoethyl-A/.A/-diisoproDvlDhosphoramidite^ (36^ 

1-(2*-Deoxy-2*-2'-methoxycarbonylmethylidine-5'-0-dimethoxytrityl-3- 
D-ribofuranosyl)-uridine 35 (2.0 g, 3.4 mmol) dissolved in dry CH2CI2 (10 
mL) was placed in a round-bottom flask under Ar. Diisopropyiethylamine 
(1.2 mL. 6.8 mmol) was added, followed by the dropwise addition of 2- 
cyanoethyl A/,A/-diisopropylchIorophosphoramidite (0.91 mL, 4.08 mmol). 
The reaction mixture was stirred 2 h at RT and quenched with ethanol (1 
mL). After 10 m the mixture was evaporated to a syrup in vacuo (40 ^C). 
5'-0-DMT-2'-deoxy-2'-methoxycarbonylmethylidine-uridine 3'-(2- 
cyanoethyl-A/,A/-diisopropylphosphoramidite) 36 (1.8 g, 2.3 mmol, 67%) 
was purified by flash column chromatography over silica gel using a 30- 
60% EtOAc gradient in hexanes, containing 1% triethylamine. as eluant. Rf 
0.44 (CH2Cl2:MeOH / 9.5:0.5). 
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Example 89: 2'-Deoxv-2'-Carboxvmethylidine-3'.5'-0-(Tetraisopropyldh 
siloxane-1.3-cliyh-Uridine 37 

2*-Deoxy-2*-methoxycarbonylmethylidine-3\5*-0-(tetraisopropyldi- 
siloxane-1.3-diyl)-uridine 33 (5.0 g, 10.8 mmol) was dissolved in MeOH 
5 (50 mL) and 1 N NaOH solution (50 mL) was added to the stirred solution 
at RT. The mixture was stirred for 2 h and MeOH removed in vacuo. The 
pH of the aqueous layer was adjusted to 4.5 with 1N HCI solution, 
extracted with EtOAc (2 x 100 mL), washed with brine, dried over MgS04 
and concentrated in vacuo to yield the crude acid. 2'-Deoxy-2'- 
1 0 carboxymethylidine-3\5'-0-(tetraisopropyldisiloxane-1 ,3-diyl)-uridine 37 
(4.2 g, 7.8 mmol, 73%) was purified on a silica gel column using a gradient 
of 10-15% MeOH in CH2CI2. 

The alky! substituted nucleotides of this invention can be used to form 
stable oligonucleotides as discussed above for use in enzymatic cleavage 
15 or antisense situations. Such oligonucleotides can be formed 
enzymatically using triphosphate forms by standard procedure. 
Administration of such oligonucleotides is by standard procedure. See 
Sullivan et ai PCT WO 94/02595. 

Olioonucleotides with 3* and/or 5' Dihalophosphonate 

20 This invention synthesis and uses 3' and/or 5' dihalophosphonate-, 

e.g., 3' or 5'-CF2-phosphonate-, substituted nucleotides that maintain or 
enhance the catalytic activity and/or nuclease resistance of an enzymatic or 
antisense molecule. 

As the term is used in this application, 5'- and/or 3'- 
25 dihalophosphonate nucleotide containing ribozymes, deoxyribozymes (see 
Usman et al.. PCT/US94/1 1649, incorporated by reference herein), and 
chimeras of nucleotides, are catalytic nucleic molecules that contain 5'- 
and/or 3'-dihalophosphonate nucleotide components replacing, but not 
limited to. double-stranded stems, single-stranded "catalytic core" 
30 sequences, single-stranded loops or single-stranded recognition 
sequences. These molecules are able to cleave (preferably, repeatedly 
cleave) separate RNA or DNA molecules in a nucleotide base sequence 
specific manner. Such catalytic nucleic acids can also act to cleave 
intramolecularly if that is desired. Such enzymatic molecules can be 
35 targeted to virtually any RNA or DNA transcript. This invention concerns 
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nucleic acids formed of standard nucleotides or modified nucleotides, 
which also contain at least one 5*-dihalophosphonate and/or one 3'- 
dihalophosphonate group. 

The synthesis of 1-0-Ac-2,3-di-0-B2-D-ribofuranose 5-d- 
5 5+dihalomethylphosphonate in three steps from 1-0-methyl-2.3-0- 
isopropylidene-B-D-ribofuranose 5-deoxy-5-dihalomethylphosphonate is 
described (e.g.. for the difluoro, in Figure 87). Condensation of this suitably 
derivatized sugar with silylated pyrimidines and purines affords novel 
nucleoside 5'-deoxy-5'-dihalomethylphosphonates. These intermediates 

10 may be incorporated into catalytic or antisense nucleic acids by either 
chemical (conversion of the nucleoside 5'-deoxy-5'- 
dihalomethylphosphonates into suitably protected phosphoramidites 12a 
or solid supports 12b, e.g., Figure 88) or enzymatic means (conversion of 
the nucleoside 5'-deoxy-5*-dihalomethylphosphonates into their 

1 5 triphosphates, e.g., 14 Figure 89. for T7 transcription). 

Thus, in one aspect the invention features 5' and/or 3'- 
dihalonucleotides and nucleic acids containing such 5' and/or 3'- 
dihalonucieotides. The general structure of such molecules is shown 
below. 



" 1! 
(R30)2PCX2^ "^^-^ (R30)2PCX2 



R2 Ri CXz Ri cXz Ri 

20 (R30)2P=0 (R30)2P=0 




B 



where R-| is H, OH, or R. where R is a hydroxyl protecting group, e.g., 
acyl, alkysilyl, or carbonate; each R2 is separately H, OH, or R; each R3 is 
separately a phosphate protecting group, e.g.. methyl, ethyl, cyanoethyl, p- 
25 nitrophenyl. or chlorophenyl; each X is separately any halogen; and each B 
is any nucleotide base. 

The invention in particular features nucleic acid molecules having 
such modified nucleotides and enzymatic activity. In a related aspect the 
invention features a method for synthesis of such nucleoside 5'-deoxy-5'- 
30 dihalo and/or 3'-deoxy-3'-dihalophosphonates by condensing a 
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dihalophosphonate-containing sugar with a pyrimidine or a purine under 
conditions suitable to form a nucleoside 5'-deoxy-5'-dihaiophosphonate 
and/or a 3'-deoxy-3'-dihalopiiosphonate. 

Phosphonic acids may exhibit important biological properties 
5 because of their similarity to phosphates (Engel, Chem, Rev, 1977, 77, 
349-367). Blackbum and Kent {J, Chem. Soc, Perkin Trans, 1986, 913- 
917) indicate that based on electronic and steric considerations _-fluoro 
and _._-difiuoromethylphosphonates might mimic phosphate esters better 
than the corresponding phosphonates. Analogues of pyro- and 

1 0 triphosphates 1 , where the bridging oxygen atoms are replaced by a 
difluoromethylene group, have been employed as substrates in enzymatic 
processes (Blackburn ef a/., Nucleosides & Nucleotides 1985, 4, 165-167; 
Blackburn et ai., Chem, Scr, 1986. 26, 21-24). 9-(5.5-Difluoro-5- 
phosphonopentyOguanine (2) has been utilized as a multisubstrate 

15 analogue inhibitor of purine nucleoside phosphorylase (Halazy et al„ J. 
Am. Chem. Sac. 1991, 113, 315-317). Oligonucleotides containing 
methylene groups in place of phosphodiester 5'-oxygens are resistant 
toward nucleases that cleave phosphodiester linkages between 
phosphorus and the 5'-oxygen (Breaker et aL, Bioctiemistryl 9B3, 32, 

20 9125-9128), but can still form stable complexes with complementary 
sequences. Heinemann et al, (Nucleic Acids Res. 1991, 19, 427-433) 
found that a single 3'-methylenephosphonate linkage had a minor 
influence on the conformation of a DNA octamer double helix. 
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NH2 




2 



(ETO)2POCF2Li 
3 

One common synthetic approach to a.a-difluoro-alkylphosphonates 
features the displacement of a leaving group from a suitable reactive 
substrate by diethyl (lithiodifluoromethyl)phosphonate (3) (Obayashi et aL, 
5 Tetrahedron Lett, 1982, 23. 2323-2326). However, our attempts to 
synthesize nucleoside 5'-deoxy-5'-difluoro-methylphosphonates from 5'- 
deoxy-5'-iodonuclebsides using 3 were unsuccessful, i.e. starting 
compounds were quantitatively recovered. The reaction of nucleoside 5'- 
aldehydes with 3, according to the procedure of Martin et al. (Martin et aL, 
10 Tetrahedron Lett, 1992. 33. 1839-1842). led to a complex mixture of 
products. Recently, the synthesis of sugar a,a-dif!uoroalkyIphosphonates 
from primary sugar triflates using 3 was described (Berkowitz et at,, J. Org. 
Chem. 1993. 58. 6174-6176). Unfortunately, our experience is that 
nucleoside 5'-triflates are too unstable to be used in these syntheses. 

15 The following are non-limiting examples showing the synthesis of 

nucleoside 5 -deoxy-5'-difluoromethyl-phosphonates. Those in the art will 
recognize that equivalent methods can be readily devised based upon 
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these examples. These examples demonstrate that it is possible to 
achieve synthesis of 5'-deoxy-5'-difluoro derivatives in good yield and thus 
guide those in the art to such equivalent methods. The examples also 
indicate utility of such synthesis to provide useful oligonucleotides as 
5 described above. 

Those in the art will recognize that useful modified enzymatic nucleic 
acids can now be designed, much as described by Draper et al., 
PCT/US94/13129 hereby incorporated by reference herein (including 
drawings). 

10 Example 90: Svnthesis of Nucleoside 5'-Deoxy-5'- 
difiuoromethvlphosphonates 

Referring to Fi g. 87 , we synthesized a suitable glycosylating agent 
from the known D-ribose a,a-difluoromethylphosphonate (4) (Martin et aL, 
Tetrahedron Lett. 1992, 33. 1839-1842) which served as a key 
15 intermediate for the synthesis of nucleoside 5*- 
difluoromethylphosphonates. 

Methyl 2.3-0 -i sop ropy li dene- p-D-ribofuranose a,a- 
difluoromethylphosphonate (4) was synthesized from the 5-aldehyde 
according to the procedure of Martin et al. {Tetrahedron Lett 1992. 33, 

20 1839-1842) (Figure 87). Removal of the isopropylidene group was 
accomplished under mild conditions (l2-MeOH, reflux. 18 h (Szarek et aL, 
Tetrahedron Lett 1986. 27. 3827) or Dowex 50 WX8 (H+). MeOH, RT 
(about 20-25^0. 3 days) In 72% yield. The anomeric mixture thus 
obtained was benzoylated with benzoyl chloride/pyridlne to afford the 2.3- 

25 di-O-benzoyI derivative, which was subjected to mild acetolysis conditions 
(Walczak ef a/., Synthesis, 1993, 790-792) (AC2O. AcOH, H2SO4, EtOAc, 
O^C. The desired 1-0-acetyI-2,3-di-0-benzoyl-D-ribof uranose 
difluoromethylphosphonate (5) was obtained in quantitative yield as an 
anomeric mixture. These derivatives were used for selective glycosylation 

30 of silylated uracil and N'^-acetylcytosine under Vorbruggen conditions 
(Vorbruggen, Nucleoside Analogs, Chemistry, Biology and Medical 
Applications, NATO ASI Series A, 26. Plenum Press. New York, London, 
1980; pp. 35-69. The use of F3CS020Si(CH3)3 as a glycosylation 
catalyst is precluded because it is expected to lead to the undesired 1- 

35 ethyluracil or 9-ethyIadenine byproducts: Podyukova, et aL, Tetrahedron 
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Lett. 1987, 28, 3623-3626 and references cited therein) (SnCi4 as a 
catalyst, boiling acetonitrile) to yield p-nucleosides (62% 6a, 75% 6b). 
Glycosylation of siiylated N^-benzoyladenine under the same conditions 
yielded a mixture of N-9 isomer 6c and N-7 isomer 7 in 34% and 15% 
5 yield, respectively. The above nucleotides were successfully deprotected 
using trimethylsilylbromide for the cleavage of the ethyl groups, followed by 
treatment with ammonia-methanol to remove the acyl protecting groups. 
Nucleoside 5'-deoxy-5'-difluoromethylphosphonates 8 were finally 
purified on a DEAE Sephadex A-25 (HCO3') column using a 0.01-0.25 M 
1 0 TEAS gradient for elution and obtained as their sodium salts (82% 8a; 87% 
8b; 82% 8c). 

Selected analytical data: 3'*P-NMR (31p) and Ih-NMR (^H) vvere 
recorded on a Varian Gemini 400. Chemical shifts in ppm refer to H3PO4 
and TMS, respectively. Solvent was CDCI3 unless otherwise noted. 5: "*H 

15 5 8.07-7.28 (m, Bz), 6.66 (d. J-) ^2 4.5, aHI), 6.42 (s, PHI), 5.74 (d, ^2,3 ^-^^ 
pH2). 5.67 (dd, J3 g 4.9. J2 4 6.6, pH3). 5.63 (dd. J3 2 6.7. J3 4 3.6. aH3). 
5.57 (dd. J2 J 4.5. J2^3 6.7. aH2), 4.91 (m. H4), 4.30 (m, CH2CH3). 2.64 (m. 
CH2CF2). 2.18 (s. pAc). 2.12 (s. aAc). 1.39 (m, CH2CH3). ^'^P 5 7.82 (t. 
Jp p 105.2). 7.67 (t. Jp p 106.5). 6a: '^H 5 9.11 (s, 1H. NH), 8.01 (m. 11H, 

20 Bz! H6). 5.94 (d. J^. 2* 4.1. 1H. HV). 5.83 (dd. J5 5 8.1. 1H. H5). 5.79 (dd, 
J2',r 4.1, J2',3' 6.5. 1H. H2'). 5.71 (dd. J2\2* 6.5.' J3. 4. 6.4. 1H. H3'). 4.79 
(dd, J4. 3. 6.4. J4. p 11.6. 1H. H4'). 4.31 (m. 4H. CH2CH3). 2.75 (tq. Jh,f 
19.6. 2H. CH2CF2), 1.40 (m. 6H, CH2CH3). ^^P 5 7.77 (t. Jp p 104.0). 8c: 
3** P {vs DSS) (D2O) 5 5.71 (t. Jp p 87.9). 

25 Compound 7 was deacylated with methanolic ammonia yielding the 

product that showed X^qx (HgO) 271 nm and X^^^ 233 nm. confirming that 
the site of glycosylation was N-7. 

Example 91:Synthesis of Nucleic Acids Containing Modified Nucleotide 
Containing Cores 

30 The method of synthesis used follows the procedure for normal RNA 

synthesis as described in Usman et aL, J. Am. Chem. Soc. 1987, 109, 
7845-7854 and in Scaringe ef a/., Nucleic Acids Res. 1990. 18, 5433-5441 
and makes use of common nucleic acid protecting and coupling groups, 
such as dimethoxytrityl at the 5'-end, and phosphoramidites at the 3'-end 

35 (Figure 88 and Janda ef a/., Sc/ence 1989, 244:437-440.). These 
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nucleoside 5*-deoxy-5'-difluoromethylphosphonates may be incorporated 
not only into hammerhead ribozymes, but also into hairpin, hepatitis delta 
virus. Group 1 or Group 2 introns, or into antisense oligonucleotides. They 
are, therefore, of general use in any nucleic acid structure. 

5 Example 92: Synthesis of Modified Triphosphate 

The triphosphate derivatives of the above nucleotides can be formed 
as shown in Fig. 89 . according to known procedures. Nucleic Acid Ciiem,, 
Leroy B. Townsend, John Wiley & Sons, New York 1991, pp. 337-340; 
Nucleotide Analogs, Karl Heinz Scheit; John Wiley & Sons New York 1980, 
10 pp. 211-218. 

Equivalent synthetic schemes for 3' dihalophosphonates are shown in 
Figures 90 and 91 using art recognized nomenclature. The conditions can 
be optimized by standard procedures. 

The nucleoside dihalophosphonates described herein are 
15 advantageous as modified nucleotides in any nucleic acid structure, e.g., 
catalytic or antisense, since they are resistant to exo- and endonucleases 
that normally degrade unmodified nucleic acids in vivo. They also do not 
perturb the normal structure of the nucleic acid in which they are 
incorporated thereby maintaining any activity associated with that structure. 
20 These compounds may also be of use as monomers as antiviral and/or 
antitumor drugs. 

Oligonucleotides with Amido or Peptido Modification 

This invention replaces 2'-hydroxyl group of a ribonucleotide moiety 
with a 2'-amido or 2'-peptido moiety. In other embodiments, the 3' and 5' 
25 portions of the sugar of a nucleotide may be substituted, or the phosphate 
group may be substituted with amido or peptido moieties. Generally, such 
a nucleotide has the general structure shown in Formula 1 below: 
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FORMULA I 

The base (B) is any one of the standard bases or is a modified 
nucleotide base known to those in the art, or can be a hydrogen group. In 
5 addition, either R-| or R2 is H or an alkyi, alkene or alkyne group containing 
between 2 and 10 carbon atoms, or hydrogen, an amine (primary, 
secondary or tertiary, e^. R3NR4 where each R3 and R4 independently is 
hydrogen or an alkyi, alkene or alkyne having between 2 and 10 carbon 
atoms, or is a residue of an amino acid, L©^, an amide), an alkyI group, or 
10 an amino acid (D or L forms) or peptide containing between 2 and 5 amino 
acids. The zigzag lines represent hydrogen, or a bond to another base or 
other chemical moiety known in the art. Preferably, one of R-j , R2 and R3 is 
an H, and the other is an amino acid or peptide. 

Applicant has recognized that RNA can assume a much more 
15 complex structural form than DNA because of the presence of the 2'- 
hydroxyl group in RNA. This group is able to provide additional hydrogen 
bonding with other hydrogen donors, acceptors and metal ions within the 
RNA molecule. Applicant now provides molecules which have a modified 
amine group at the 2' position, such that significantly more complex 
20 structures can be formed by the modified oligonucleotide. Such 
modification with a 2'-amldo or peptide group leads to expansion and 
enrichment of the side-chain hydrogen bonding network. The amide and 
peptide moieties are responsible for complex structural formation of the 
oligonucleotide and can form strong complexes with other bases, and 
25 interfere with standard base pairing interactions. Such interference will 
allow the formation of a complex nucleic acid and protein conglomerate. 
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Oligonucleotides of this invention are significantly more stable than 
existing oligonucleotides and can potentially form biologically active 
bioconjugates not previously possible for oligonucleotides. They may also 
be used for in vitro selection of unique aptamers. that is, randomly 
5 generated oligonucleotides which can be folded into an effective ligand for 
a target protein, nucleic acid or polysaccharide. 

Thus, in one aspect, the invention features an oligonucleotide 
containing the modified base shown in Formula I, above. 

In other aspects, the oligonucleotide may include a 3' or 5' nucleotide 
10 having a 3' or 5' located amino acid or aminoacyl group. In all these 
aspects, as well as the 2'-modified nucleotide, it will be evident that various 
standard modifications can be made. For example, an "O" may be 
replaced with an S, the sugar may lack a base (i.e.. abasic) and the 
phosphate moiety may be modified to include other substitutions (see 
15 Sproat, supra). 

Examole 93: General pr ocedure for the preparation of 2'-aminQacyl-P'- 
deoxv-2'-aminonucleoside confuoates. 

Referring to Fig. 92, to the solution of 2 -deoxy-2 -amino nucleoside (1 
mmol) and N-Fmoc L- (or D-) amino acid (1 mmol) in methanol 
[dimethylfomnamide (DMF) and tetrahydrofuran (THF) can also be used], 1- 
ethoxycarbonyl-2-ethoxy-1 ,2-dihydroquinoline (EEDQ) [or 1- 
isobutyloxycarbonyl-2-isobutyloxy-1,2-dihydroquinoline (IIDQ)] (2 mmol) is 
added and the reaction mixture is stirred at room temperature or up to 50 
'C from 3-48 hours. Solvents are removed under reduced pressure and 
the residual syrup is chromatographed on the column of silica-gel using 1- 
10 % methanol in dichloromethane. Fractions containing the product are 
concentrated yielding a white foam with yields ranging from 85 to 95 %. 
Structures are confirmed by NMR spectra of conjugates which show 
correct chemical shifts for nucleoside and aminoacyl part of the molecule. 
Further proofs of the structures are obtained by cleaving the aminoacyl 
protecting groups under appropriate conditions and assigning NMR 
resonances for the fully deprotected conjugate. 

Partially protected conjugates described above are converted into 
their 5'-0-dimethoxytrityl derivatives and into 3'-phosphoramidites using 
35 standard procedures (Oligonucleotide Synthesis: A Practical Approach, 



20 



25 



30 
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M.J. Gait ed.; IRL Press, Oxford, 1984). Incorporation of these 
phosphoramidites into RNA was performed using standard protocols 
(Usman etaL, 1987 supra), 

A general deprotection protocol for oligonucleotides of the present 
5 Invention is described in Fig. 93 . 

The scheme shows synthesis of conjugate of 2'-d-2'-aminouridine. 
This is meant to be a non-limiting example, and those skilled in the art will 
recognize that, variations to the synthesis protocol can be readily 
generated to synthesize other nucelotides (e.g., adenosine, cytidine. 
10 guanosine) and/or abasic moieties. 

Example 94: RNA cleavage by hammerhead ribozvmes containing 2'- 
aminoacvl modifications. 

Hammerhead ribozymes targeted to site N (see Fig. 94) are 
synthesized using solid-phase synthesis, as described above. U4 and U7 
15 positions are modified, individually or in combination, with either 2'-NH- 
alanine or 2*-NH-lysine. 

RNA cleavage assay in vitro: Substrate RNA is 5' end-labeled using 
[y-32p] ATP and T4 polynucleotide kinase (US Biochemicals). Cleavage 
reactions were carried out under ribozyme "excess" conditions. Trace 

20 amount (< 1 nM) of 5' end-labeled substrate and 40 nM unlabeled 
ribozyme are denatured and renatured separately by heating to 90°C for 2 
min and snap-cooling on ice for 10-15 min. The ribozyme and substrate 
are incubated, separately, at 37°C for 10 mm in a buffer containing 50 mM 
Tris-HC! and 10 mM MgCl2. The reaction is initiated by mixing the 

25 ribozyme and substrate solutions and incubating at 37°C. Aliquots of 5 ^i! 
are taken at regular intervals of time and the reaction is quenched by 
mixing with equal volume of 2X formamide stop mix. The samples are 
resolved on 20 % denaturing polyacrylamide gels. The results are 
quantified and percentage of target RNA cleaved is plotted as a function of 

30 time. 

Referring to Fig. 95 . hammerhead ribozymes containing 2'-NH- 
alanine or 2'-NH-lysine modifications at U4 and U7 positions cleave the 
target RNA efficiently. 
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Sequences listed in Figure 94 and the modifications described in 
Figure 95 are meant to be non-limiting examples. Those skilled in the art 
will recognize that variants (base-substitutions, deletions, insertions, 
mutations, chemical modifications) of the ribozyme and RNA containing 
5 other 2'-hydroxyl group modifications, including but not limited to amino 
acids, peptides and cholesterol, can be readily generated using techniques 
known in the art, and are within the scope of the present invention. 

Example 95: Aminoacylation of 3'-ends of RNA 

I. Referring to Fig. 96. 3'-OH group of the nucleotide is converted to 
1 0 succinate as described by Gait, supra. This can be linked with amino-alkyi 
solid support (for example: CpG). Zig-zag line indicates linkage of 3'OH 
group with the solid support. 

IL Preparation of aminoacvl-derivatized solid support 
A) Synthesis of O-Dimethoxytrityl fO-DMT^ amino acids 

15 Referring to Fig. 97. to a solution of L- (or D-) serine, tyrosine or 

threonine (2 mmol) in dry pyridine (15 ml) 4,4'-dimethoxytrityl chloride (3 
mmol) is added and the reaction mixture is stirred at RT (about 20-25**C) for 
16 h. Methanol (10 ml) is then added and the solution evaporated under 
reduced pressure. The residual syrup was partitioned between 5% aq. 

20 NaHCOs and dichloromethane, organic layer was washed with brine, dried 
(N 32804) and concentrated in vacuo. The residue is purified by flash 
silicagel column chromatography using 2-10% methanol in 
dichloromethane (containing 0.5 % pyridine). Fractions containing product 
are combined and concentrated in vacuo to yield white foam (75-85 % 

25 yield). 

Preoaration of the solid support and its derivatization with amino acids 

Referring to Fig. 97, the modified solid support (has an OH group 
instead of the standard NH2 end group) was prepared according to 
Haraiambidis et al., Tetrahedron Lett. 1987, 28, 5199, (P denotes 
30 aminopropyl CPG or polystyrene type support). O-DMT or NH- 
monomethoxytrityl (NH-fy/IMT amino acid was attached to the above solid 
support using standard procedures for derivatization of the solid support 
(Gait, 1984, supra) creating a base-labile ester bond between amino acids 
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and the support. This support is suitable for the construction of RNA/DNA 
chain using suitably protected nucleoside phosphoramidites. 

Example 96: Aminoa cvlation of 5'>ends of RNA 

I. Referring to Fig. 98. 5*-amino-containing sugar moiety was 
synthesized as described (Mag and Engels. 1989 Nucleic Acids Res. 17, 
5973). Aminoacylation of the 5'-end of the monomer was achieved as 
described above and RNA phosphoramldite of the 5'-aminoacylated 
monomer was prepared as described by Usman ef a/., 1987 supra. The 
phosphoramidite was then incorporated at the 5'-end of the oligonucleotide 
using standard solid-phase synthesis protocols described above. 

!i. Referring to Fig. 99, aminoacyl group(s) is attached to the phosphate 
group at the 5'-end of the RNA using standard procedures described 
above. 

VII. Reversing Genetic Mutations 

Modification of existing nucleic acid sequences can be achieved by 
homologous recombination. In this process a transfected sequence 
recombines with homologous chromosomal sequences and can replace 
the endogenous cellular sequence. Boggs. 8 International J. Cell Cloning 
80, 1990, describes targeted gene modification. It reviews the use of 
homologous DNA recombination to correct genetic defects. Banga and 
Boyd, 89 Proc. Natl. Acad, ScL U.S.A. 1735, 1992, describe a specific 
example of in vivo site-directed mutagenesis using a 50 base 
oligonucleotide. In this methodology a gene or gene segment Is 
essentially replaced by the oligonucleotide used. 

This invention uses a complementary oligonucleotide to position a 
nucleotide base changing activity at a particular site on a gene (RNA or 
genomic DNA), such that the nucleotide modifying activity will change (or 
revert) a mutation to wild-type, or its equivalent. By reversion or change of 
a mutation, we refer to reversion in a broad sense, such as when a 
mutation at a second site which leads to functional reversion to a wild type 
phenotype. Also, due to the degeneracy of the genetic code, a revertant 
may be achieved by changing any one of the three codon positions. 
Additionally, creation of a stop codon in a deleterious gene (or transcript) is 
defined here as reverting a mutant phenotype to wild-type. An example of 
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this type of reversion is creating a stop codon in a critical HIV proviral gene 
in a human. 

Referring to Figures 100 and 101 . broadly there are two approaches 
to causing a site directed change in order to revert a mutation to wild-type. 
5 In one (Fig, 100) the oligonucleotide is used to target RNA specifically. 
RNA is provided with a complementary (Watson-crick) oligonucleotide 
sequence to that in the target molecule. In this case the sequence 
modifying oligonucleotide would (analogously to an antisense 
oligonucleotide or ribozyme) have to be continuously present to revert the 
10 RNA as it is made by the cell. Such a reversion would be transient and 
would potentially require continuous addition of more sequence modifying 
oligonucleotide. The transient nature of this approach is an advantage, in 
that treatment could be stopped by simply removing the sequence 
modifying oligonucleotide (as with a traditional drug). 

15 A second approach targets DNA ( Fig. 101 ) and has the advantage 

that changes may be permanently encoded in the target ceirs genetic 
code. Thus, a single course (or several courses) of treatment may lead to 
permanent reversion of the genetic disease. If inadvertent chromosomal 
mutations are introduced this may cause cancer, mutate other genes, or 

20 cause genetic changes in the germ-line (in patients of reproductive age). 
However, if the base changing activity is a specific methylation that may 
modulate gene expression it would not necessarily lead to germ-line 
transmission. See Lewin. Genes. 1983 John Wilely & Sons, Inc. NY pp 
493-496. 

25 Complementary base pairing to single-stranded DNA or RNA Is one 

method of directing an oligonucleotide to a particular site of DNA. This 
could occur by a strand displacement mechanism or by targeting DNA 
when it is single-stranded (such as during replication, or transcription). 
Another method is using triple-strand binding (triplex formation) to double- 

30 stranded DNA, which is an established technique for binding poly- 
pyrimidine tracts, and can be extended to recognize all 4 nucleotides. See 
Povsic. T., Strobe!, S., & Dervan. P. (1992). Sequence-specific double- 
strand alkylation and cleavage of DNA mediated by triple-helix formation. 
J. Am. Chem. Soc. 114. 5934-5944 (1992). Knorre. D.G., Valentin. V.V., 

35 Valentina, F.Z., Lebedev. A.V. & Federova. O.S, Design and targeted 
reactions of oiigonucleotide derivatives 1-366 (CRC Press, Novosibirsk, 
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1993) describe conjugation of reactive groups or enzyme to 
oligonucleotides and can be used in the methods described herein. 

Recently, antisense oligonucleotides have been used to redirect an 
incorrect splice into order to obtain correct splicing of a splice mutant globin 
5 gene in vitro, Dominski Z; Kole R (1993) Restoration of correct splicing in 
thalassemia pre-mRNA by antisense oligonucleotides. Proc Natl Acad Sci 
USA 90:8673-7. Analogously, in one preferred embodiment of this 
invention a complementary oligomer is used to correct an existiing mutant 
RNA, instead of the traditional approach of inhibiting that RNA by 
10 antisense. 

In either the RNA or DNA mode, after binding to a particular site on the 
RNA or DNA the oligonucleotide will modify the nucleic acid sequence. 
This can be accomplished by activating an endogenous enzyme ( see 
Figure 102), by appropriate positioning of an enzyme (or ribozyme) 
15 conjugated (or activated by the duplex) to the oligonucleotide, or by 
appropriate positioning of a chemical mutagen. Specific mutagens, such as 
nitrous acid which deaminates C to U. are most useful, but others can also 
be used if inactivation of a harmful RNA is desired. 

RNA editing is an naturally occurring event in mammalian cells in 
20 which a sequence modifying activity edits a RNA to its proper sequence 
post-transcriptionally. Higuchi. M.., Single. Kohler, M., Sommer, B.. and 
Seeburg. P. (1993) RNA Editing of AMPA Receptor Subunit GiuR-B: A 
base-paired intron-exon structure determines position and efficiency Cell 
75:1361-1370. The machinery involved in RNA editing can be co-opted by 
25 a suitable oligonucleotide in order to promote chemical modification. 

The changes in the base created by the methods of this invention 
cause a change in the nucleotide sequence, either directly, or after DNA 
repair by normal cellular mechanisms. These changes functionally correct 
a genetic defect or introduce a stop codon. Thus, the invention is distinct 
30 from techniques in which an active chemical group (e.g., an alkylator) is 
attached to an antisense or triple strand oligonucleotide in order to 
chemically inactivate the target RNA or DNA. 



Thus, this invention creates an alteration to an existing base in a 
nucleic acid molecule so that the base is read in vivo as a different base. 
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This includes correcting a sequence Instead of inactivating a gene but can 
also include inactivating a deleterious gene. 

Thus, in one aspect, the invention features a method for altering in 
yiyo the nucleotide base sequence of a naturally occurring mutant nucleic 
acid molecule. The method includes contacting the nucleic acid molecule 
iELvivo with an oligonucleotide or peptide nucleic acid or other sequence 
specific binding molecules able to form a duplex or triplex molecule with 
the nucleic acid molecule. After formation of the duplex or triplex molecule 
a base modifying activity chemically or enzymatically alters the targeted 
base directly, or after nucleic acid repair in vivo. This results in the 
functional alteration of the nucleic acid sequence. 

By "alter", as it is used in this context, is meant that one or more 
chemical moieties in a targeted base, or bases, is altered so that the mutant 
nucleic acid will be functionally different. Thus, this is distinct from prior 
methods of correcting defects in DNA. such as homologous recombination, 
in which an entire segment of the targeted sequence is replaced with a 
segment of DNA from the transfected nucleic acid. This is also distinct from 
other methods that use reactive groups to inactivate a RNA or DNA target, 
in that this method functionally corrects the sequence of the target, instead 
of merely damaging it. by causing it to be read by a polymerase as a 
different base from the original base. As noted above, the naturally 
occurring enzymes in a cell can be utilized to cause the chemical 
alteration, examples of which are provided below. 

By "functionally altei^' is meant that the ability of the target nucleic acid 
to perform its normal function {i.e.., transcription or translation control) is 
changed. For example, an RNA molecule may be altered so that it can 
cause production of a desired protein, or a DNA molecule can be altered 
so that upon DNA repair, the DNA sequence is changed. 

By "mutant" it is meant a nucleic acid molecule which is altered in 
some way compared to equivalent molecules present in a normal 
individual. Such mutants may be well known in the art. and include, 
molecules present in individuals with known genetic deficiencies, such as 
muscular dystrophy, or diabetes and the like. It also includes individuals 
with diseases or conditions characterized by abnormal expression of a 
gene, such as cancer, thalassemia's and sickle cell anemia, and cystic 
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fibrosis. It allows modulation of lipid metabolism to reduce artery disease, 
treatment of integrated AIDS genomes, and AIDs RNA, and Alzeimer's 
disease. Thus, this invention concerns alteration of a base in a mutant to 
provide a "wild type" phenotype and/or genotype. For deleterious 
5 conditions this involves altering a base to allow expression or prevent 
expression as is necassary. When treating an infection, such as HIV. it 
concerns inactivation of a gene in the HIV RNA by mutation of the mutant 
(Le,, non-human gene) to a wild type (/.e., no production of a non-human 
protein). Such modification is performed in trans rather than in cis as in 
1 0 prior methods. 

In preferred embodiments, the oligonucleotide is of a length (at least 
12 bases, preferably 17 - 22) sufficient to activate dsRNA deaminase in 
vivo to cause conversion of an adenine base to inosine; the 
oligonucleotide is an enzymatic nucleic acid molecule that is active to 
15 chemically modify a base (see below); the nucleic acid molecule is DNA or 
RNA; the oligonucleotide includes a chemical mutagen, e.g., the mutagen 
is nitrous acid; and the oligonucleotide causes deamination of 5- 
methylcytosine to thymidine, cytosine to uracil, or adenine to Inosine, or 
methtylation of cytosine to 5-methylcytosine. 

20 In a most preferred embodiment, the invention features correction of a 

mutation, rather than inactivation of a target by causing a mutation. 

Using in vitro directed evolution, it is possible to screen for ribozymes 
with catalytic activities different than RNA cleavage. Bartel, D. and 
Szostak, J. (1993) Isolation of new ribozymes from a large pool of random 

25 sequences. Science 261:1411-1418. Using these methods of in vitro 
directed evolution, an enzymatic nucleic acid molecule, or ribozyme that 
mutates bases, instead of cleaving the phosphodiester backbone can be 
selected. This is a convenient method of obtaining an enzyme with the 
appropriate base sequence modifying activities for use in the present 

30 invention. 

Sequence modifying activities can change one nucleotide to another 
(or modify a nucleotide so that it will be repaired by the cellular machinery 
to another nucleotide). Sequence modifying activities could also delete or 
add one or more nucleotides to a sequence. A specific embodiment of 
35 adding sequences is described by Sullenger and Cech, PCT/US94/12976 
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hereby incorporated by reference herein), in which entire axons with wild- 
type sequence are spliced into a mutant transcript. The present invention 
features only the addition of a few bases (1 - 3). 

Thus, in another aspect, the invention features ribozymes or 
5 enzymatic nucleic acid molecules active to change the chemical structure 
of an existing base in a separate nucleic acid molecule. Applicant is the 
first to determine that such molecules would be useful, and to provide a 
description of how such molecules might be isolated. 

Molecules used to achieve in situ reversion can be delivered using 
10 the existing means employed for delivering antisense molecules and 
ribozymes, including liposomes and cationic lipid complexes. If the in situ 
reverting molecule is composed only of RNA, then expression vectors can 
be used in a gene therapy protocol to produce the reverting molecules 
endogenously, analogously to antisense or ribozymes expression vectors. 
1 5 There are several advantages of using such an expression vector, rather 
than simply replacing the gene through standard gene therapy. Firstly, this 
approach would limit the production of the corrected gene to cells that 
already express that gene. Furthermore, the corrected gene would be 
properly regulated by its natural transcriptional promoter. Lastly, reversion 
20 can be used when the mutant RNA creates a dominant gain of function 
protein (e.g., in sickle cell anemia), where correction of the mutant RNA is 
necessary to stop the production of the deleterious mutant protein, and 
allow production of the corrected protein. 

Endoaenous«Mammalian RNA Editing Svstem 

25 It was observed in the mid-1980s that the sequence of certain cellular 

RNAs were different from the DNA sequence that encodes them. By a 
process called RNA editing, cellular RNA are post-transcriptionally 
modified to a) create a translation initiation and termination codons, b) 
enable tRNA and rRNA to fold into a functional conformation (for a review 

30 see Bass, B. L. (1993) In The RNA World . R. Gesteland, R. and Atkins, J. 
eds. (Cold Spring Harbor, New York; CSH Lab. Press) pp. 383-418). The 
process of RNA editing includes base modification, deletion and insertion 
of nucleotides. 

Although, the RNA editing process is widespread among lower 
35 eukaryotes, very few RNAs (four) have been reported to undergo editing in 




wo 95/23225 



PCT/IB95/00156 



156 



10 



15 



20 



25 



30 



mammals (Bass, supra). The predominant mode of RNA editing in 
mammalian system is base modification (C -> U and A G). The 
mechanism of RNA editing in the mammalian system is postulated to be 
that C-»U conversion is catalyzed by cytidine deaminase. The mechanism 
of conversion of A-^G has recently been reported for glutamate receptor B 
subunit (gluR-B) in rat PC12 cells (Higuchi. M. et al. (1993) Cell 75, 1361- 
1370). According to Higuchi gluR-B mRNA precursor attains a structure 
such that intron 1 1 and exon 1 1 can fomi a stable stem-loop structure. This 
stem-loop structure is a substrate for a nuclear double strand-specific 
adenosine deaminase enzyme. The deamination will result In the 
conversion of A->l. Reverse transcription followed by double strand 
synthesis will result in the incorporation of G in place of A. 

In the present invention, the endogenous deaminase activity or other 
such activities can be utilized to achieve targeted base modification. 

The following are examples of the invention to illustrate different 
methods by which in vivo conversion of a base can be achieved. These 
are provided only to clarify specific embodiments of the invention and are 
not limiting to the invention. Those in the art will recognize that equivalent 
methods can be readily devised within the scope of the claims. 

Example 97: Exploitina cellular dsRNA dependent Adenine to Inocjinfi 
converter: 

An endogenous activity in most mammalian cells and Xenopus 
oocytes converts about 50% of adenines to inosines in double stranded 
RNA. (Bass. B. L.. & Weintraub, H. (1988). An unwinding activity that 
covalently modifies it double-stranded RNA substrate. Cell . 55. 1089- 
1098.). This activity can be used to cause an in situ reversion of a 
mutation at the RNA level. Referring to Figures 102 and 104, for 
demonstration purposes a stop codon is incorporated into the coding 
region of dystrophin, which is fused to the reporter gene luciferase. This 
stop codon can be reverted by targeting an antisense RNA which is long 
enough to activate the dsRNA deaminase, which converts Adenines to 
inosines. The A to I transition will be read by the ribosome as an A to G 
transition in some cases and will thereby functionally revert the stop codon. 
While other A's in this region may be converted to Vs and read as G, 
converting an A to I (G) cannot create a stop codon. The A to I transitions 




wo 95/23225 PCT/IB95/00 1 56 

157 

in the region surrounding the target mutation will create some point 
mutations, however, the function of the dystrophin protein is rarely 
inactivated by point mutations. 

The reverted mRNA was then translated in a cell iysate and assayed 
5 for luciferase activity. As evidenced by the dramatic increase in luciferase 
counts in the graph in figure 103, the A to I transition was read by the 
ribosome as an A to G transition and the stop codon has successfully been 
reverted with the Iysate treated complex. As a control, an irrelevant non- 
complementary RNA oligonucleotide was added to the 
10 dystrophin/iuciferase mRNA. As expected, in this case no translation 
(luciferase activity) is observed because of the stop codon. As an 
additional control, the hybrid was not treated with extract, and again no 
translation (luciferase activity) is observed (Figure 103). 

While other A's in the targeted region may have been converted to I's 
1 5 and read as G, converting an A to I (G) cannot create a stop codon, so the 
ribosome will still read through the region. Dystrophin is not generally 
sensitive to point mutations if the open reading frame is maintained, so a 
dystrophin protein made from an mRNA reverted by this method should 
retain full activity. 

20 The following detail specifics of the methodology: RNA 

oligonucleotides were synthesized on a 394 (ABI) synthesizer using 
phosphoramidite chemistry. The sequence of the synthetic complementary 
RNA that binds to the mutant dystrophin sequence is as follows (5* to 3'): 

CCCGCGGTAGATCTTTCTGGAGGCTTACAGTTTTCTACAAACCTCC 
25 CTTCAAA (Seq. ID No. 1) 

Referring to Fioure 104. fifty-nine base pairs of a human dystrophin 
mutant sequence containing a stop codon was fused in frame to the 
luciferase coding region using standard cloning technology, into the Hind 
III and Not I sites of pRC-CMV (Invitrogen. San Diego, CA). The AUG of 
30 luciferase was deleted. The sequences of the insert from the Hind III site to 
the start of the luciferase coding region is (5' to 3'): 

GCCCCTGAGGAGCGATGGAGGCCTTGAAGGGAGGTTTGTGGAAAA 



CTGTAAGCCTCGAGAAAGATCTACCGCGG (Seq ID No. 2) 
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This corresponds to base pairs 3649-3708 of normal dystrophin 
(Entrez ID # 31 1627) with a Sac II site at the 3* end. This plasmid was used 
as a template for in vitro transcription of mRNA using T7 polymerase with 
the manufacturers protocol (Promega, Madison, Wl). 

Xenopus nuclear extracts were prepared in 0.5X TGKED buffer (0.5X= 
25mM Tris (pH 7.9), 12.5% glycerol, 25 mM KCI, 0.25mM DTT and O.OSmM 
EDTA), by vortexing nuclei and resuspended in a volume of 0.5X TGKED 
equal to total cytoplasm volume of the oocytes. Bass, B.L. & Weintraub, H. 
Ce//55, 1089-1098 (1988). 

The target mRNA at 500ng/ul was pre-annealed to 1 micromolar 
complementary or irrelevant RNA oligonucleotide by heating to 70^*0, and 
allowing it to slowly coo! to 37°C over 30 minutes. Fifty nanograms of 
mRNA pre-annealed to the RNA oligonucleotides was added to 7ul of 
nuclear extracts containing 1mM ATP, 15mM EDTA. 1600un/ml RNasin 
and 12.5mM Tris pH 8 to a total volume of 12ui. Bass, B.L. & Weintraub. H. 
supra. This mixture, which contains the dsRNA deaminase activity, was 
incubated for 30 minutes at 25°C. Next, 1.5ul of this mixture was added to 
a rabbit reticulocyte lysate in vitro translation mixture and translated for two 
hours according to the manufacturers protocol (Life Technologies, 
Gaithersberg, MD), except that an additional 1.3 mM magnesium acetate 
was added to compensate for the EDTA carried through from the nuclear 
extract mixture. Luciferase assays were performed on 15ul of extract with 
the Promega luciferase assay system (Promega, Madison, Wl), and 
luminescence was detected with a 96 well luminometer, and the results are 
displayed in the graph in figure 102. 

Example 98: Base changing activities 

The chemical synthesis of antisense and triple-strand forming 
oligomers conjugated to reactive groups is well studied and characterized 
(Knorre, D.G., Valentin, V.V., Valentina, F.Z., Lebedev, A.V. & Federova. 
O.S. Design and targeted reactions of oligonucleotide derivatives 1-366 
(CRC Press, Novosibirsk, 1993) and Povsic. T., Strobel, S. & Dervan, P. 
Sequence-specific double-strand alkylation and cleavage of DNA 
mediated by triple-helix formation J. Am, Chem. Soc. 114, 5934-5944 
(1992). Reactive groups such as alkylators that can modify nucleotide 
bases in targeted RNA or DNA have been conjugated to oligonucleotides. 
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Additionally enzymes that modify nucleic acids have been conjugated to 
oligonucleotides. (Knorre, D.G.. Valentin. V.V., Valentina, F.Z.. Lebedev, 
A.V. & Federova, O.S. Design and targeted reactions of oligonucleotide 
derivatives 1-366 (CRC Press, Novosibirsk. 1993). In the past these 
5 conjugated chemical groups or enzymes have been used to inactivate 
DNA or RNA that is specifically targeted by antisense or triple-strand 
interactions. Below is a list of useful base changing activities that could be 
used to change the sequence of DNA or RNA targeted by antisense or 
triple strand interactions, in order to achieve in situ reversion of mutations. 
10 as described herein ( see figure 100-104 ). 

1. Deamination of 5-methylcytosine to create thymidine 
(performed by the enzyme cytidine deaminase (Bass. B.L. in The RNA 
World (Cold Spring Harbor Laboratory Press, Cold Spring Harbor. 1993). 
Also, nitrous acid or related compounds promote oxidative deamination of 
15 C to be read at T(Microbial Genetics, David Freifelder. Jones and Bartlett 
Publishers. Inc.. Boston.1987, PP.226-230.). Additionally hydroxylamine 
or related compounds can transform C to be read at T (Microbial Genetics. 
David Freifelder, Jones and Bartlett Publishers, Inc.. Boston, 1987, PP.226- 
230.) 

20 2. Deamination of cytosine to create uracil (performed by the 

enzyme cytidine deaminase (Bass. B.L. in The RNA World (Cold Spring 
Harbor Laboratory Press. Cold Spring Harbor, 1993) or by chemical 
groups similar to nitrous acid that promote oxidative deamination (Microbial 
Genetics. David Freifelder. Jones and Bartlett Publishers, inc.. 

25 Boston.1987. PP.226-230.) 

3. Deamination of Adenine to be read like G (Inosine) (as done 
by the adenosine deaminase. AMP deaminase or the dsRNA deaminating 
activity ( Bass. B.L. in The RNA World (Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, 1993). 

30 4. Methylation of cytosine to 5-methylcytosine 

5. Transforming thymidine (or uracil) to O^-methyl thymidine (or 
02-methyl uracil), to be read as cytosine by alkynitrosoureas (Xu. and 
Swann, Tetrahedron Letters 35:303-306 (1994)). 
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6. Transforming guanine to 6-O-methyl (or other alkyls) to be 
read as adenine (Mehta and Ludlum, Biochimica et Biophysica Acta, 
521:770-778 (1978) which can be done with the mutagen ethyl methane 
sulfonate (EMS) Microbial Genetics, David Freifelder, Jones and Bartlett 

5 Publishers, Inc., Boston,1987, PP.226-230. 

7. Amination of uracil to cytosine (as performed by the cellular 
enzyme CTP synthetase (Bass, B.L. in The RNA World (Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, 1993). 

The following are examples of useful chemical modifications that can 
10 be utilized in the present invention. There are a few preferred 
straightforward chemical modifications that can change one base to 
another base. Appropriate mutagenic chemicals are placed on the 
targetting oligonucleotide, e.g., nitrous acid, or a suitable protein with such 
activity. Such chemicals and proteins can be attatched by standard 
15 procedures. These include molecules which introduce fundamental 
chemical changes, that would be useful independent of the particular 
technical approach. See Lewin, Genes. 1983 John Wilely & Sons, Inc. NY 
pp 42-48. 

The following matrix shows that the chemical modifications noted can 
20 cause transversion reversions (pyrimidine to pyrimidine. or purine to 
purine) in RNA or DNA. The transversions (pyrimidine to purine, or purine 
to pyrimidine) are not preferred because these are more difficult chemical 
transformations. The footnotes refer to the specific desired chemical 
transformations. The bold footnotes refer to the reaction on the opposite 
25 DNA strand. For example, if one desires to change an A to a G, this can be 
accomplished at the DNA level by using reaction #5 to change. a T to a C in 
the opposing strand. In this example an A/T base pair goes to A/C , then 
when the DNA is replicated, or mismatch repair occurs this can become 
G/C, thus the original A has been converted to a G. 

30 ISR matrix 

Reverted Base 



Mutant base A 



T(U) 
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Transversion 
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Transversion 



Transversion | DNA5.3/rna3 ( 



|dNA5/rna7 jlTransversion | 



RNA2/DNA6~| r 



Transversion 



Transversion 



l lTransversion | 

1 



10 



15 



20 



25 



1 

2 
3 
4 



Deamination of 5-methylcytosine to create thymidine. 
Deamination of cytosine to create uracil. 
Deamination of Adenine to be read like G (Inosine). 
Methylation of cytosine to 5-methylcytosine. 



5 Transforming thymidine (or uracil) to O^-methyl thymidine (or 
02-methyl uracil), to be read as cytosine (Xu, and Swann, Tetrahedron 
Letters 35:303-306 (1994)). 

6 Transforming guanine to 6-O-methyl (or other alkyls) to be 
read as adenine (Mehta and Ludlum. Biochimica et Biophvsica Acta 
521:770-778 (1978)). ^ 

7. Amination of uracil to cytosine. Bass supra, fig. 6c. 

In Vitro Selection Strategy 

Referring to Fioure 105. there is provided a schematic describing an 
approach to selecting for a ribozyme with such base changing activity. An 
RNA is designed that folds back on itseJf (this is similar to approaches 
already used to select for RNA ligases. Bartel. D. and Szostak, J. (1993) 
Isolation of new ribozymes from a large pool of random sequences. 
Science 261:1411-1418). A degenerate loop opposing the base to be 
modified provides for diversity. After incubating this library of molecules in 
a buffer, the RNA is reverse transcribed into DNA (that is, using standard in 
vitro evolution protocol. Tuerk and Gold. 249 Science 505, 1990) , and 
then the DNA is selected for having a base change. A restriction enzyme 
cleavage and size selection or its equivalent is used to isolate the fraction 
of DNAs with the appropriate base change. The cycle could then be 
repeated many times. 
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The /n vitro selection (evolution) strategy is similar to approaches 
developed by Joyce (Beaudry, A. A. and Joyce. GP. (1992) Science 257. 
635-641; Joyce, G. F. (1992) Scientific American 2 67, 90-97) and Szostak 
(Bartel, D. and Szostak, J. (1993) Science 261 :141 1-141 fl; Szostak, J. W. 
5 (1993) TIBg 17, 89-93). Briefly, a random pool of nucleic acids is 
synthesized wherein, each member contains two domains: a) one domain 
consists of a region with defined (known) nucleotide sequence; b) the 
second domain consists of a region with degenerate (random) sequence. 
The known nucleotide sequence domain enables: 1) the nucleic acid to 

10 bind to its target (the region flanking the mutant nucleotide). 2) 
complimentary DNA (cDNA) synthesis and PGR amplification of molecules 
selected for their base modifying activity, 3) introduction of restriction 
endonuclease site for the purpose of cloning. The degenerate domain can 
be created to be completely random (each of the four nucleotides 

1 5 represented at every position within the random region) or the degeneracy 
can be partial (Beaudry. A. A. and Joyce, G.F. (1992) Science 257. 635- 
641). In this invention, the degenerate domain is flanked by regions 
containing known sequences (see Figure 105). such that the degenerate 
domain is placed across from the mutant base (the base that is targeted for 

20 modification). This random library of nucleic acids is incubated under 
conditions that ensure folding of the nucleic acids into conformations that 
facilitate the catalysis of base modification (the reaction protocol may also 
include certain cofactors like ATP or GTP or an S-adenosyl-methionine (if 
methylation is desired) in order to make the selection more stringent). 

25 Following incubation, nucleic acids are converted into complimentary DNA 
(if the starting pool of nucleic acids is RNA). Nucleic acids with base 
modification (at the mutant base position) can be separated from rest of the 
population of nucleic acids by using a variety of methods. For example, a 
restriction endonuclease cleavage site can either be created or abolished 

30 as a result of base modification. If a restriction endonuclease site is 
created as a result of base modification, then the library can be digested 
with the restriction endonuclease (RE). The fraction of the population that 
is cleaved by the RE is the population that has been able to catalyze the 
base modification reaction (active pool). A new piece of DNA (containing 

35 oligonucleotide primer binding sites for PGR and RE sites for cloning) is 
ligated to the termini of the active pool to facilitate PGR amplification and 
subsequent cycles (if necessary) of selection. The final pool of nucleic 
acids with the best base modifying activity is cloned in to a plasmid vector 
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and transformed into bacterial hosts. Reconnbinant plasmids can then be 
isolated from transformed bacteria and the identity of clones can be 
determined using DNA sequencing techniques. 

Base modifying enzymatic nucleic acids (identified via in vitro 
5 selection) can be used to cause the chemical modification in vivo. 

In addition, the ribozyme could be evolved to specifically bind a 
protein having an enzymatic base changing acitivity. 

Such ribozymes can be used to cause the above chemical 
modifications in vivo. The ribozymes or above noted antisense-type 
10 molecules can be administered by methods discussed in the above 
referenced art. 

VIII. Administration of Nucleic Acids 

Applicant has determined that double-stranded nucleic acid lacking 
a transcription termination signal can be used for continuous expression of 

15 the encoded RNA. This is achieved by use of an R-loop. i.e., an RNA 
molecule non-covalently associated with the double-stranded nucleic acid 
and which causes localized denaturation ("bubble" formation) within the 
double stranded nucleic acid (Thomas et al.. 1976 Proc. Natl. Acad. Sci. 
USA 73, 2294). In addition, applicant has determined that that the RNA 

20 portion of the R-loop can be used to target the whole R-loop complex to a 
desirable intracellular or cellular site, and aid in cellular uptake of the 
complex. Further, applicant indicates that expression of enzymatically 
active RNA or ribozymes can be significantly enhanced by use of such R- 
loop complexes. 

25 Thus, in one aspect, the invention features a method for introduction 

of enzymatic nucleic acid into a cell or tissue. A complex of a first nucleic 
acid encoding the enzymatic nucleic acid and a second nucleic acid 
molecule is provided. The second nucleic acid molecule has sufficient 
complementarity with the first nucleic acid to be able to form an R-loop 

30 base pair structure under physiological conditions. The R-loop is formed in 
a region of the first nucleic acid molecule which promotes expression of 
RNA from the first nucleic acid under physiological conditions. The method 
further includes contacting the complex with a cell or tissue under 
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conditions in which the enzymatic nucleic acid is produced within the cell 
or tissue. 

By "complex" Is simply meant that the two nucleic acid molecules 
interact by intermolecular bond formation (such as by hydrogen bonding) 
5 between two complementary base-paired sequences. The complex will 
generally be stable under physiological condition such that it is able to 
cause initiation of transcription from the first nucleic acid molecule. 

The first and second nucleic acid molecules may be formed from any 
desired nucleotide bases, either those naturally occurring (such as 

1 0 adenine, guanine, thymine and cytosine), or other bases well known in the 
art, or may have modifications at the sugar or phosphate moieties to allow 
greater stability or greater complex formation to be achieved. In addition, 
such molecules may contain non-nucleotides in place of nucleotides. 
Such modifications are well known in the art, see e.g., Eckstein et aL, 

15 International Publication No. WO 92/07065; Perrault ef a/., 1990 Nature 
344, 565; Pieken et aL, 1991 Science . 253. 314; Usman and Cedergren. 
1992 Trends in Biochem. Sci . 17, 334; Usman et aL, International 
Publication No. WO 93/15187; and Rossi ef a/., Internationa! Publication 
No. WO 91/03162, as well as Sproat3. European Patent Application 

20 9211 0298.4 which describe various chemical modifications that can be 
made to the sugar moieties of enzymatic RNA molecules. All these 
publications are hereby incorporated by reference herein. 

By "sufficient complementarity" is meant that sufficient base pairing 
occurs so that the R-loop base pair structure can be formed under the 
25 appropriate conditions to cause transcription of the enzymatic nucleic acid. 
Those in the art will recognize routine tests by which such sufficient base 
pairs can be determined. In general, between about 15-80 bases is 
sufficient in this invention. 

By "physiological condition" is meant the condition in the cell or 
30 tissue to be targeted by the first nucleic acid molecule, although the R-loop 
complex may be formed under many other conditions. One example is use 
of a standard physiological saline at 37^0. but it is simply desirable in this 
invention that the R-loop structure exists to some extent at the site of action 
so that the expression of the desired nucleic acid will be achieved at that 
35 site of action. While it is preferred that the R-loop structure be stable under 
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those conditions, even a minimal amount of formation of the R-loop 
structure to cause expression will be sufficient. Those in the art will 
recognize that measurement of such expression is readily achieved, 
especially in the absence of any promoter or leader sequence on the first 
5 nucleic acid molecule (Daube and von Hippei, 1992 Science 258, 1320). 
Such expression can thus only be achieved if an R-loop structure is truly 
formed with the second nucleic acid. If a promoter of leader sequence is 
provided, then it is preferred that the R-loop be formed at a site distant from 
those regions so that transcription is enhanced. 

10 In a related aspect, the invention features a method for introduction 

of ribonucleic acid within a cell or tissue by forming an R-loop base-paired 
structure (as described above) with the first nucleic acid molecule lacking 
any promoter region or transcription termination signal such that once 
expression is initiated it will continue until the first nucleic acid is degraded. 

1 5 In another related aspect, the invention features a method in which 

the second nucleic acid is provided with a localization factor, such as a 
protein, e.g., an antibody, transferin, a nuclear localization peptide, or 
folate, or other such compounds well known in the art, which will aid in 
targeting the R-loop complex to a desired cell or tissue. 

20 In preferred embodiments, the first nucleic acid is a plasmid, e.g., 

one without a promoter or a transcription termination signal ; the second 
nucleic acid is of length between about 40-200 bases and is formed of 
ribonucleotides at a majority of positions; and the second nucleic is 
covalently bonded with a ligand such as a nucleic acid, protein, peptide, 

25 lipid, carbohydrate, cellular receptor, nuclear localization factor, or is 
attached to maleimide or a thiol group: the first nucleic acid is an 
expression plasmid lacking a promoter able to express a desired gene, 
e.g., it is a double-stranded molecule formed with a majority of 
deoxyribonucleic acids; the R-loop complex is a RNA/DNA heteroduplex; 

30 no promoter or leader region is provided in the first nucleic acid; and the R- 
loop is adapted to prevent nucleosome assembly and is designed to aid 
recruitment of cellular transcription machinery. 

In other preferred embodiments, the first nucleic acid encodes one or 
more enzymatic nucleic acids, e.g., it is formed with a plurality of 
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intramolecular and intermolecular cleaving enzymatic nucleic acids to 
allow release of therapeutic enzymatic nucleic acid in vivo. 

In a further related aspect, the invention features a complex of the 
above first nucleic acid molecules and second nucleic acid molecules. 

5 R-ioop complex 

An R-loop complex is designed to provide a non-integrating plasmid 
so that, when an RNA polymerase binds to the plasmid, transcription is 
continuous until the plasmid is degraded. This is achieved by hybridizing 
an RNA molecule, 40 to 200 nucleotides in length, to a DNA expression 

10 plasmid resulting in an R-loop structure ( see figure 106) . This RNA, when 
conjugated with a ligand that binds to a cell surface receptor, triggers 
internalization of the plasmid/RNA-ligand complex. Formation of R-loops in 
general is described by DeWet, 1987 Methods in Enzvmol. 145, 235; 
Neuwald et al., 1977 J. Virol. 21,1019; and Meyer et al., 1986 J. Ult. Mol. 

15 Str. Res. 96, 187. Thus, those in the art can readily design complexes of 
this invention following the teachings of the art. 

Promoters placed in retroviral genomes have not always behaved as 
planned in that the additional promoter will serve as a stop signal or 
reverses the direction of the polymerase. Applicant was told that creation 

20 of an R-loop between the promoter and the reporter gene increased the 
transfection efficiency. Incubation of an RNA molecule with a double- 
stranded DNA molecule, containing a region of complementarity with the 
RNA will result in the formation of a stable RNA-DNA hetroduplex and the 
DNA strand that has a sequence identical to the RNA will be displaced into 

25 a loop-like structure called the R-loop. This displacement of DNA strand 
occurs because an RNA-DNA duplex is more stable compared to a DNA- 
DNA duplex. Applicant was also told that an 80 nt long RNA was used to 
generate a R-loop structure in a plasmid encoding the B-galactosidase 
gene. The R-loop was initiated either in the promoter region or in the 

30 leader sequence. Plasmids containing an R-loop structure were 
microinjected into the cytoplasm of COS cells and the gene expression 
was assayed. R-loop formation in the promoter region of the plasmid 
inhibited expression of the gene. RNA that hybridized to the leader 
sequence between the promoter and the gene, or directly to the first 80 

35 nucleotides of the mRNA increased the expression levels 8-10 fold. The 
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proposed mechanism is that R-ioop formation prevents nucleosome 
assembly, thus making the DNA more accessible for transcription. 
Alternatively, the R-loop may resemble a RNA primer promoting either DNA 
replication or transcription (Daube and von Hippel, 1992. supra) . 

5 One of the salient features of this invention is to generate R-loops in 

expression vectors of choice and introduce them into cells to achieve 
enhanced expression from the expression vector The presence of an R- 
loop may aid in the recruitment of cellular transcription machinery. Once 
an RNA polymerase binds to the plasmid and initiates transcription, the 
1 0 process will continue until a termination signal is reached, or the plasmid is 
degraded. 

This invention will increase the expression of ribozymes inside a 
cell. The idea is to construct a plasmid with no transcription termination 
signal, such that a transcript-containing multiple ribozyme units can be 
15 generated. In order to liberate unit length ribozymes, self-processing 
ribozymes can be cloned downstream of each therapeutic ribozyme ( see 
figure 107 ) as described by Draper supra, 

Lioand Targeting 

Another salient feature of this invention is that the RNA used to 

20 generate R-loop structures can be covaiently linked to a ligand (nucleic 
acid, proteins, peptides, lipids, carbohydrates, etc.). Specific Jigands can 
be chosen such that the ligand can bind selectively to a desired cell 
surface receptor. This ligand-receptor interaction will help intemalize a 
plasmid containing an R-loop. Thus, RNA is used to attach the ligand to the 

25 DNA such that localization of the gene to certain regions of the cell is 
achieved. One of several methods can be used to attach a ligand to RNA. 
This includes the incorporation of deoxythymidine containing a 6 carbon 
spacer having a temiinal primary amine into the RNA ( see figure 108 ). This 
amino group can be directly derivatized with the ligand, such as folate (Lee 

30 and Low, 1994 J. Biol. Chem. 269. 3198-3204). The RNA containing a 6 
carbon spacer with a terminal amine group is mixed with folate and the 
mixture is reacted with activators like 1-(3-Dimethylaminopropyl)-3- 
ethylcarbodiimide hydrochloride (EDO). This reaction should be carried 
out in the presence of 1-HydroxybenzotriazoIe hydrate (HOBT) to prevent 

35 any undesirable side reactions. 
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The RNA can also be derivatized with a heterobifuctional 
crosslinking agent (or linker) like succinimidyl 4-(p- 
maleimidophenyl)butyrate (SMPB). The SMPB introduces a maleimide 
into the RNA. This maleimide can then react with a thiol moiety either in a 
5 peptide or in a protein. Thiols can also be introduced into proteins or 
peptides that lack naturally occurring thiols using succinylacetylthioacetate. 
The amino linker can be attached at the 5' end or 3' end of the RNA. The 
RNA can also contain a series of nucleotides that do not hybridize to the 
DNA and extend the linker away from the RNA/DNA complex, thus 

1 0 increasing the accessibility of the ligand for its receptor and not interfering 
with the hybridization. These techniques can be used to link peptides such 
as nuclear localization signal (NLS) peptides (Lanford at al., 1984 Cell 37, 
801-813; Kalderon et al., 1984 £ell 39, 499-509; Goldfarb et al., 1986 
Nature 322, 641-644)and/or proteins like the transferrin (Curiel et a!., 1991 

15 Proc. Natl. Acad. Sci. USA 88. 8850-8854; Wagner et al.. 1992 Proc. Natl. 
Acad. Sci. USA 89, 6099-6103; Giulio et al.. 1994 Ceil. Signal. 6, 83-90) to 
the ends of R-loop forming RNA in order to facilitate the uptake and 
localization of the R-loop-DNA complex. To link a protein to the ends of R- 
loop forming RNA, an intrinsic thiol can be used to react with the maleimide 

20 or the thiols can be introduced into the protein itself using either 
iminothiolate or succinimidyl acetyl thioacetate (SATA; Duncan et al.. 1983 
Anal. Biochem 132. 68). The SATA requires an additional deprotection 
step using 0.5 M hydroxylamine. 

in addition liposomes can be used to cause an R-loop complex to be 
25 delivered to an appropriate intracellular cite by techniques well known in 
the art. For example. pH-sensitive liposomes (Connor and Huang, 1986 
Cancer Res. 46, 3431-3435) can be used to facilitate DNA transfection. 

Calcium phosphate mediated or electroporation-mediated delivery of 
the R-loop complex in to desired cells can also be readily acomplished. 

30 In vitro Selection 

In vitro selection strategies can be used to select nucleic acids that a) 
can form stable R-loops b) selectively bind to specific cell surface 
receptors. These nucleic acids can then be covalently linked to each other. 
This will help internalize the R-loop-containing plasmid efficiently using 
35 receptor-mediated endocytosis. The in vitro selection (evolution) strategy is 
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similar to approaches developed by Joyce (Beaudry and Joyce, 1992 
Science 257, 635-641; Joyce, 1992 Scientific American 267, 90-97) and 
Szostak (Bartel and Szostak, 1993 Science 261:1411-1418; Szostak, 
1993 TIB$ 17, 89-93). Briefly, a random pool of nucleic acids is 
5 synthesized wherein each member contains two domains: a) one domain 
consists of a region with defined (known) nucleotide sequence; b) the 
second domain consists of a region with degenerate (random) sequence. 
The known nucleotide sequence domain enables: 1) the nucleic acid to 
bind to its target (a specific region of the double strand DNA), 2) 

1 0 complimentary DNA (cDNA) synthesis and PGR amplification of molecules 
selected for their affinity to form R-loop and/or their ability to bind to a 
specific receptor. 3) introduction of a restriction endonuclease site for the 
purpose of cloning. The degenerate domain can be created to be 
completely random (each of the four nucleotides represented at every 

15 position within the random region) or the degeneracy can be partial 
(Beaudry and Joyce, 1992 Science 257, 635-641). In this invention, the 
degenerate domain is flanked by regions containing known sequences. 
This random library of nucleic acids is incubated under conditions that 
ensure equilibrium binding to either double-stranded DNA or cell surface 

20 receptor. Following incubation, nucleic acids are converted into 
complementary DNA (if the starting pool of nucleic acids is RNA). Nucleic 
acids with desired characteristics can be separated from the rest of the 
population of nucleic acids by using a variety of methods (Joyce, 1992 
supra). The desired pool of nucleic acids can then be carried through 

25 subsequent rounds of selection to enrich the population with the most 
desired traits. These molecules are then cloned in to appropriate vectors. 
Recombinant piasmids can then be isolated from transformed bacteria and 
the identity of clones can be determined using DNA sequencing 
techniques. 



30 



Other embodiments are within the following claims. 
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TABLE I 

Characteristics of Ribozvmes 

Group 1 Introns 

Size: -200 to >1000 nucleotides. 

Requires a U in the target sequence immediately 5' of the cleavage 
site. 

Binds 4-6 nucleotides at 5' side of cleavage site. 
Over 75 known members of this class. Found in Tetrahymena 
thermophila rRNA, fungal mitochondria, chloroplasts, phage T4 blue- 
green algae, and others. 

RNAseP RNA (Ml RNA) 

Size: -290 to 400 nucleotides. 

RNA portion of a ribonucleoprotein enzyme. Cleaves tRNA precursors 
to form mature tRNA. 

Roughly 10 known members of this group all are bacterial in origin. 

Hammerhead Ribozyme 

Size: -13 to 40 nucleotides. 

Requires the target sequence UH immediately 5' of the cleavage site 
Binds a variable number nucleotides on both sides of the cleavaoe 
site, ^ 
14 known members of this class. Found in a number of plant 
pathogens (virusoids) that use RNA as the infectious agent (Fiqures 1 
and 2) ^ \ ^ 

Hairpin Ribozyme 

Size: -50 nucleotides. 

Requires the target sequence GUC immediately 3' of the cleavage site 
Binds 4-5 nucleotides at 5' side of the cleavage site and a variable 
number to the 3' side of the cleavage site. 

Only 3 known member of this class. Found in three plant pathogen 
(satellite RNAs of the tobacco ringspot virus, arabis mosaic virus 
and chicory yellow mottle virus) which uses RNA as the 
infectious agent (Figure 3). 

Hepatitis Delta Virus (HDV) Ribozyme 

Size: 50 - 60 nucleotides (at present). 

Cleavage of target RNAs recently demonstrated. 

Sequence requirements not fully determined. - 

Binding sites and structural requirements not fully determined, 

although no sequences 5' of cleavage site are required. 

Only 1 known member of this class. Found in human HDV (Figure 4). 

Neurospora VS RNA Ribozyme 

Size: -144 nucleotides (at present) 
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Cleavage of target RNAs recently demonstrated. 
Sequence requirements not fully determined. 

Binding sites and structural requirements not fully determined. Only 1 
known member of this class. Found in Neurospora VS RNA (Figure 5). 
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Table 2 

Human ICAM HH Target sequence 



nt. Position Target Sequences nt. Position Target Sequences 



11 

23 
26 
31 
34 
40 
48 
54 
58 
64 
96 
102 
108 
115 
119 
120 
146 
152 
158 
165 
168 
185 
209 
227 
230 
237 
248 
253 
263 
267 
293 
319 
335 
, 337 
338 
359 
367 
374 
375 
378 



CCCCAGU 
CUGAGCa 
AGCUCCU 

cucuGca 

UGCUACU 
UCAGAGU 
GCAACCU 
UCAGCCU 
CCUCGCU 
UAUGGCU 
CCGCACU 
UCCDGGU 
UCCDGCU 
CGGGGCa 
GCUCUGCJ 
CUCUGDU 
CAGACAU 
UOJGUGU 

uccccca 

CAAAAGU 
AAGOCAU 
GGAGGCU 
AGCACCU 
CCCAAGU 
AAGUUGU 
UGGGCAU 
ACCCCGU 
GUUGCCU 
AAGGAGU 
AGUUGCU 
AAGGUGU 
AGAAGAU 
AUGUGCU 
GUGCUAU 
UGCUAUU 
GGGCAGU 
AACAGCU 
AAAACCU 
AAACCUU 
CCUUCCU 



GACGCUG 

ajcuGOj 

UGCUACU 
CaCAGAG 
AGAGUUG 
U GCAACCO 
C AGCOJCG 
GCUAUGG 
DGGCUCC 
CCAGCAG 
CUGGUCC 
CUGCUCG 
GGGGCUC 
UGUUCCC 
CCCAGGA 
CCAGGAC 
DGUGUCC 
CCCCUCA 
AAAAGUC 
AUCCUGC 
CUGCCCC 
CGDGCUG 
CUGUGAC 
GUUGGGC 
U GGGCAUA 
A GAGACCC 
U GCCOAAA 
A AAAAGGA 
U GCUCOJG 
CUGCCUG 
UGAACUG 
GCCAACC 
UUCAAAC 

C AAACUGC 
C AACAGCU 
A AAACCUU 
U CCUCACC 
C CUOICCG 
C ACCGUGU 



C 
A 
C 
C 
C 
C 
C 
U 

c 
c 
c 
c 
c 
c 
c 
c 
u 



386 

394 

420 

425 

427 

450 

451 

456 

495 

510 

564 

592 

607 

608 

609 

611 

656 

657 

663 

677 

684 

692 

693 

696 

709 

720 

723 

735 

738 

765 

759 

770 

785 

786 

792 

794 

807 

833 

846 

851 



ACCGUGU A CUGGACU 
CUGGACU C eAGAACG 

cxccccrj c cccucuu 

CUCCCCU C UUGGCAG 
CCCCUCJ U GGCAGCC 
AGAACCU U ACCCUAC 
GAACCUU A CCCUACG 
A 



UUACCCU 
CCAACCU 
UGCUGCU 
CUGAGGU 
GAGAGAU 
AGCCAAU 



CGCUGCC 
ACCGUGG 
CGUGGCG 
.ACGACCA 
ACCAUGG 
UCUCGUG 



GCCAAUU U CUCGUGC 
CCAAUUU C UCGUGCC 
AAUUUCU C GUGCCGC 
GAGCUGU U UGAGAAC 
AGCUGUU U GAGAACA 
AACACCU C GGCCCCC 
GCCCCCU A CCAGCUC 
ACOiGCU C CAGACCU 
CAGACCU U UGUCCUG 
AGACCUU U GUCCUGC 
CCUUUGU C CUGCCAG 
AGCGACU C CCCCACA 
CACAACU U GUCAGCC 
AACUUGU C AGCCCCC 
CCCGGGU C CUAGAGG 
GGGUCCU A GAGGUGG 
CCGUGGU C UGUUCCC 
GGUCUGU U CCCUGGA 
GUCUGUU C CCUGGAC 
GGGCUGU U CCCAGUC 
GGCUGUU C CCAGUCU 
UCCCAGU C UCGGAGG 
CCAGUCU C GGAGGCC 
CCCAGGU C CACCUC-G 
CAGAGGU U GAACCCC 
COVCAGU C ACCUAUG 
GUCACCU A UGGCAAC 
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863 


AACGAGU C COUCUCG 


1408 


866 


GACUCCU U CUCGGCC 


1410 


867 


ACUCCUU C UCGGCCA 


1421 


869 


UCCUUCU C GGCCAAG 


1425 


881 


AAGGCCU C AGaCAGU 


1429 


885 


CCUCAGU C AGCGUGA 


1444 


933 


GUGCAGU A ADACUGG 


1455 


936 


CAGDAAU A CDGGGGA 


1482 


978 


UGACCAU C OACAGCa 


1484 


980 


ACCAUCU A CAGCUUU 


1493 


966 


UACAGCU U UCCGGCG 


1500 


987 


ACAGCUU U CCGGCGC 


1503 


988 


CAGCUCJU C CGGCGCC 


1506 


1005 


ACGCGAU U CUGACGA 


1509 


1006 


CGUGAUU C UGACGAA 


1518 


1023 


CAGAGGU C UCAGAAG 


1530 


1025 


GAGGaCU C AGAAGGG 


1533 


1066 


CCACCCU A GAGCCAA 


1551 


1092 


AUGGGGU U CCAGCCC 


1559 


1093 


UGGGGIKJ C CAGCCCA 


1563 


1125 


CCCAGOJ C CDGCUGA 


1565 


1163 


CGCAGCU U CUCCDGC 


1567 


1164 


GCAGOJCJ C UCCUGCU 


1584 


1166 


AGCUUCU C CUGCUCU 


1592 


1172 


UCCUGCU C UGCAACC 


1599 


1200 


GCCAGCU U AUACACA 


1651 


1201 


CCAGCUU A UACACAA 


1661 


1203 


AGCUUAU A CACAAGA 


1663 


1227 


GGGAGCU U CGOGUCC 


1678 


1228 


GGAGCUU C GUGUCCU 


1680 


1233 


UUCGUGU C OJGCAUG. 


1681 


1238 


GUCCUGU A UGGCCCC 


1684 


1264 


GAGGGAU U GUCCGGG 


1690 


1267 


GGAUUGU C CGGGAAA 


1691 


1294 


AGAAAAU U CCCAGCA 


1696 


1295 


GAAAAUU C CCAGCAG 


1698 


1306 


GCAGACU C CAAUGUG 


1737 


1321 


CCAGGCU U GGGGGAA 


1750 


1334 


AACCCAU U GCCCGAG 


1756 


1344 


CCGAGCU C AAGUGUC 


1787 


1351 


CAAGUGU C UAAAGGA 


1790 


1353 


AGUGUCU A AAGGAUG 


1793 


1366 - 


UGGCACU U UCCCACU 


1797 


1367 


GGCACUU U CCCACUG 


1802 


13 68 


GCACUUU C CCACUGC 


1812 


1380 


UGCCCAU C GGGGAAU 


1813 


1388 


GGGGAAU C AGUGACU 


1825 


1398 


UGACUGU C ACUCGAG 


1837 


1402 


UGUCACU C GAGAUCU 


1845 
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UCGAGAU C UUGAGGG 
GAGAUCU U GAGGGCA 
GGCACCU A CCUCUGU 
CCUACCU C UGUCGGG 
CCUCUGU C GGGCCAG 
GAGCACU C AAGGGGA 
GGGAGGU C ACCCGCG 
AUGUGCU C UCCCCCC 
GUGCUCU C CCCCCGG 
CCCCGGU A UGAGAUU 
AUGAGAU U GUCAUCA 
AGAUUGU C AUCAUCA 
UUGUCAU C AUCACUG 
UCAUCAU C ACUGUGG 
CUGUGGU A GCAGCCG 
CCGCAGU C AUAAUGG 
CAGUCAU A AUGGGCA 
CAGGCCU C AGCACGU 
AGCACGU A CCUCDAU * 
CGUACCU C UAUAACC 
UACCUCU A UAACCGC 
CCUCUAU A ACCGCCA 
GGAAGAU C AAGAAAU 
AAGAAAU A CAGACUA 
ACAGACU A CAACAGG 
CACGCCU C CCUGAAC 
UGAACCU A UCCCGGG 
AACCUAU C CCGGGAC 
AGGGCCU C UUCCUCG 
GGCCUCU U CCUCGGC 
GCCUCUU C CUCGGCC 
UCUUCCU C GGCCUUC 
UCGGCCU U CCCAUAU 
CGGCCUU C CCAUAUU 
UUCCCAU A UUGGUGG 
CCCAUAU U GGUGGCA 
AAGACAU A UGCCAUG 
UGCAGCU A CACCUAC 
UACACCU A CCGGCCC 
AGGGCAU U GUCCUCA 
GCAUUGU C CUCAGUC 
UUGUCCU C AGUCAGA 
CCUCAGU C AGAUACA 
GUCAGAU A CAACAGC 
ACAGCAU U UGGGGCC 
CAGCAUU U GGGGCCA 
CCAUGGU A CCUGCAC 
CACACCU A AAACACU 
AAACACU A GGCCACG 
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1356 CACGCAU C UGAUCUG 

1861 AUCUGAU C UGUAGUC 

1865 GAUCUGU A GCJCACAU 

1868 CUGUAGU C ACAUGAC 

1877 CAUGACU A AGCCAAG 

1901 CAAGACU C AAGACAU 

1912 ACADGAU U GAtJGGAU 

1922 UGGAUGU U AAAGCCU 

1923 GGAUGUU A AAGUCUA 
1928 UUAAAGU C UAGCCUG 
1930 AAAGUCU A GCCCGAU 
1964 GAGACAU A GCCCCAC 
1983 AGGACAU A CAACUGG 
1996 GGGAAAU A CDGAAAC 
2005 UGAAACU U GCUGCCU 
2013 GCDGCCU A DUGGGUA 
2015 UGCCUAU U GGGUAUG 
2020 AUUGGGU A UGCUGAG 

2039 ACAGACU U ACAGAAG 

2040 CAGACUU A CAGAAGA 
2057 UGGCCCU C C^UAGAC 
2061 CCUCCAU A GACAUGU 
2071 CADGUGU A GCAUCAA 
2076 GUAGCAU C AAAACAC 

2097 CCACACU U CCUGACG 

2098 CACACXFU C CuGACGG 
2115 GCCAGCU V GGGCACU 
2128 CUGCUGU C UACUGAC 
2130 GCUGUCU A CUGACCC 
2145 CAACCCa U GADGAUA 
2152 UGAUGAU A UGUADUU 
2156 GAUAUGU A UUUADUC 

2158 UAUGUAU U UAUUCAU 

2159 AUGUAUU V AUUCAUU 

2160 UGUAUUU A UUCAUUU 

2162 UAUUUAU U CAUUaGU 

2163 AUUUAUU C AUUUGUU 

2166 UAUUCAU U UGUUAUU 

2167 AUUCAUU U GUUAUUU 

2170 CAUUUGU U AUUUUAC 

2171 AUUUGUU A UUUUACC 

2173 UUGUUAU U UUACCAG 

2174 -UGUUAUU U UACCAGC 

2175 GUUAUUU U ACCAGCU 

2176 UUAUUUU A CCAGCUA 
2183 ACCAGCU A UUUAUUG 
2135 CAGCUAU U UAUUGAG 

2186 AGCUAUU U AUUGAGU 

2187 GCUAUUU A UUGAGUG 



2189 

2196 

2198 

2199 

2200 

2201 

2205 

2210 

2220 

2224 

2226 

2223 

2242 

2248 

2254 

2259 

2260 

2266 

2274 

2279 

2282 

2288 

2291 

2321 

2338 

2339 

2341 

2344 

2358 

2359 

2360 

2376 

2377 

2378 

2379 

2380 

2382 

2384 

2399 

2401 

2411 

2417 

2418 

2425 

2426 

2433 

2434 

2448 

2449 



UAUUUAU U 
UGAGUGU C 
AGUGUCU U 
GUGUCUU U 
UGUCUUU U 
GUCUUUU A 
UUDAUGU A 
GUAGGCU A 
UGAACAU A 
CAUAGGU C 
UAGGUCU C 
CUGGCCU C 
CGGAGCU C 
UCCCAGU C 
UCCAOGU C 
GUCACAU U 
UCACAUU C 
UCAAGGU C 
ACCAGGU A 
GUACAGU U 
CAGUUGU A 
UACAGGU U 
AGGUUGU 
AAAAGAU 
UGGGACU 
GGGACUU 
GACUUCU 
UUCUCAU U 
CCUGCCU U 
CUGCCUU U 
UGCCUUU C 
GAGUGAU tr 
AGUGAUU U 
GUGADUU U 
UGAUUUU 
GAUUUUU 
UUUUUCU 
UUUCUAU 
AAGCACU A 
GCACUAU A 
GACUGGU A 
UAAUGGU U 
AAUGGUU C 
' CACAGGU U 
ACAGGUU C 
CAGAGAU U 
AGAGAUU A 
GAGGCCU U 
AGGCCUU A 



GAGUGUC 
UUUUAUG 
UUAUGUA 
UAUGUAG 
AUGUAGG 
UGUAGGC 
GGCUAAA 
AAUGAAC 
GGUCUCU 
UCCGGCC 
UGGCCUC 
ACGGAGC 
CCAGUCC 
CAUGUCA 
ACAUUCA 
CAAGGUC 
AAGGUCA 
ACCAGGU 
CAGUUGU 
GUACAGG 
G^GGUUG 
GUACACU 
CACUGCA 
AAAUGGG 
CUCADUG 
UCAUUGG 
AUUGGCC 
GGCCAAC 
UCCCCAG 
CCCCAGA 
CCCAGAA 
UUUCUAU 
UUCUAUC 
UCUAUCG 
CUAUCGG 
UAUCGGC 
UCGGCAC 
GGCACAA 
UAUGGAC 
UGGACUG 
AUGGUUC 
CACAGGU 
ACAGGUU 
CAGAGAU 
AGAGAUU 
ACCCAGU 
CCCAGUG 
AUUCCUC 
UUCCUCC 
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2451 

2452 

2455 

2459 

2460 

2479 

2480 

2483 

2484 

2492 

2504 

2508 

2509 

2510 

2520 

2521 

2533 

2540 

2545 

2568 

2579 

2585 

2588 

2591 

2593 

2596 

2601 

2602 

2607 

2608 

2609 

2620 

2626 

2628 

2635 

2640 

2641 

2642 

2653 

2659 

2689 

2691 

2700 

2704 

2711 

2712 

2721 

2724 

2744 



GCCUUAU U 
CCUUAUU C 
OAUUCCU c 

ccucccu u 
cucccuu c 

GACACCU U 
ACACCUU U 
CCUUUGU U 
CUUUGUU A 
GCCACCU C 
CCCACAU A 
CAUACAU U 
AUACAUU U 
UACAUUU 
CCAGOGU 
CAGUGUU 
UGACACU 
CAGCGGU 
GUCAUGa 
AGGGAAU 
CCAAGCU 
UAUGCCU U 
GCCUUGU C 
nUGUCCU C 
GUCCUCU U 
CUCUUGU C 
GUCCUGU U 
UCCCGUU U 
UUUGCAU U 
UUGCAUU U 
UGCAUUa C 
GGGAGCXJ U 
UUGCACU A 
GCACUAU U 
UGCAGCU C 
CUCCAGa U 
UCCAGUU U 
CCAGUUU 
CAGUGAU 
UCAGGGU 
CCAAGGU 
AAGGUAU 
GAGGACU 
ACUCCCU 
CCCAGCU U 
CCAGCUU U 
GAAGGGU C 
GGGUCAU C 
UGUGUGU A 



CCUCCCU 
CUCCCUU 
CCUUCCC 
CCCCCCA 
CCCCCAA 
UGUUAGC 
GUUAGCC 
AGCCACC 
GCCACCU 
CCCACCC 
CAUDUCU 
UCUGCCA 
CUGCCAG 
UGCCAGU 
CACAADG 
ACAACGA 
AGCGGUC 
AUGUCUG 
trCGACAU 
UGCCCAA 
UGCCUUG 
GUCCUCU 
CUCUUG U 
UUGUCCU 
GUCCUGU 
CUGUUUG 
UGCAUUU 
GCAUUUC 
UCACUGG 
CACUGGG 
ACDGGGA 
GCACUAU 
UUGCAGC 
GCAGCUC 
CAGUUUC 
UCCUGCA 
CCUGCAG 
CUGCAGU 
AGGGUCC 
CUGCAAG 
UUGGAGG 
GGAGGAC 
CCUCCCA 
CCAGCUU 
UGGAAGG 
GGAAGGG 
AUCCGCG 
CGCGUGU 
UGUGUAG 



2750 

2759 

2761 

2765 

2769 

2797 

2803 

2804 

2813 

2815 

2821 

2822 

2823 

2829 

2837 

2840 

2847 

2853 

2860 

2872 

2877 

2899 

2900 

2904 

2905 

2906 

2907 

2908 

2909 

2910 

2911 

2912 

2913 

2914 

2915 

2916 

2917 

2918 

2919 

2931 

2933 

2941 

2951 

2952 

2955 

2956 

2961 

2962 

2965 



U 
U 

c 
c 
c 
c 
c 

A 



UAUGUGU A 
ACAAGCU C 
AAGCUCU C 
UCUCGCU C 
GCUCUGU C 
GUGCAAU C 
UCAUGGU U 
CAUGGUU C 
ejGCAGU C 
GCAGUCU U 
UUGACCU U 
UGACCUU 
GACCUUU 
UUGGGCU 
AAGUGAU 
UGAUCCU 
CCCACCU 
UCAGCCU 
CCUGAGU 
GGACCAU A 
AUAGGCU C 
GGCAAAU U 
GCAAAUU U 
AUUUGAU U 
UUUGAUU U 
UUGAUUU U 
UGAUUUU U 
GAUUUUU U 
AUUUUUU XJ 
UUUUUUU U 

uuuuuuu u 

UUUUUUU u 

uuuuuuu u 
uuuuuuu u 
uuuuuuu u 
uuuuuuu u 
uuuuuuu u 
uuuuuuu u 
uuuuuuu C 

ACGGGGU C 
GGGGUCU C 
GCAACAU U 
CCAGACU U 
CAGACUU C 
ACUUCCU U 
CUUCCUU u 
UUUGUGU U 
UUGUGUU A 
UGUUAGU U 



GACAAGC 
UCGCUCU 
GCUCUGU 
UGUCACC 
ACCCAGG 
AUGGUUC 
CACUGCA 
ACUGCAG 
UUGACCU 
GACCUUU 
UUGGGCU 
UGGGCUC 
GGGCUCA 
AAGUGAU 
CUCCCAC 
CCACCUC 
AGCCUCC 
CUGAGUA 
GCUGGGA 
GGCUCAC 
ACAACAC 
UGAUUUU 
GAUUUUU 
UUUUUUU 

uuuuuuu 
uuuuuuu 
uuuuuuu 
uuuuuuu 
uuuuuuu 
uuuuuuu 
uuuuuuu 

DUUUUUC 

uuyuucA 

UUUUCAG 
UUUCAGA 
UUCAGAG 
UCAGAGA 
CAGAGAC 
AGAGACG 
UCGCAAC 
GCAACAU 
GCCCAGA 
CCUUUGU 
CUUUGUG 
UGUGUUA 
GUGUUAG 
AGUUAAU 
GUUAAUA 
AAUAAAG 
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2966 GUUaGUU A AUAAAGC 

2969 AGUUAAU A AAGCUUU 

2975 UAAAGCa U UCUCAAC 

2976 AAAGCUU U OJCAACU 

2977 AAGCDUU C UCAACUG 
2979 GCUUUCU C AACaCCC 
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nt. Position Target Sequence 



11 

23 
26 
31 
34 
40 
48 
54 
58 
64 
96 
102 
108 
115 
119 
120 
146 
152 
158 
165 
168 
185 
209 
227 
230 
237 
248 
253 
263 
267 
293 
319 
335 
337 
338 
359 
785 
786 
792 
794 
807 
833 
846 
851 



CCCugGU C acCGuUG 
CaGuGgU u CUCUGCU 
uGgOuCU C UGCUcCU 
CUCUGCU c CUCcaca 
UuCUcaU a AGgGUcG 
gCAcAcU U GuAgCCU 
aggACCU C AGCCUgG 
UggGCCU C GugAUGG 
CaUgcCU u UaGCUCC 
cAcccCU C CCAGCAG 
CucugCU C CUGGcCC 
UgCcaGU a CUGCUgG 
CUCUGCU C cuGGCcC 
uGGuuCU C UGcUCCu 
GgaaUGU c aCCAGGA 
CUCUGcU C CugGccC 
CAGuCgU C cGcuUCC 
UCUGUGU C agCCaCu 
UCCuguU u AAAAacC 



CAgAAGU 
AAGcCuU 
GGuGGgU 
gcCACuU 
CagAAGU 
AAGUUGU 
UGuGCuU 
AaCCCaU 
ccUGCCU 
AgGGuuU 
AGggGCU 



gUuuUGC 
CUGCCCC 
CGUGCaG 
CUcUGgC 
GUOuuGC 
uuGCucc 
GAGAaCu 
uCCUAAA 
AggAaGA 
uCUaCUG 
CUGCCUa 



AAGcUGU u UGAgCUG 
AGgAGAU A cugAgCC 
cUGUGCU u UgagAAC 
GUcCaAU U CAcACUG 
aGCUgUU u gAgCUGa 
GuGCAGU C guCcGCU 
GGcCUGU U uCCuGcC 
GcCUGUU u CCuGcCU 
UggagGU C UCGGAaG 
CugGgCU u GGAGaCu 
CuCgGaU a uACCUGG 
CAaAGcU c GAcaCCC 
CCcugGU C ACCguUG 
GagACCU c UacCAgC 



367 
374 
375 
378 
386 
594 
420 
425 
427 
450 
451 
456 
495 
510 
564 
592 
607 
508 
609 
611 
656 
557 
668 
677 
634 
692 
693 
696 
709 
720 
723 
735 
738 
765 
765 
770 
1353 
1366 
13 67 
1363 
1330 
1388 
1398 
1402 



AAugGCU u cAACCcg 
gAAgCCU U CCUgcCC 
AAgCCUU C CUgcCCc 
CuacCaU C A.CCGUGU 
ACCGUGU A uUcGuuU 
CcGGACU u ucGAuCu 
aiCaCuU C CCCcCcg 
CaCCCCU C ccaGCAG 
CagCUCU c aGCAGug 
AGgACCU c ACCCUgC 
GAAaCcU u uCCUuuG 
UOACCCU c aGCcaCu 
OiAcCaU C ACCGUGu 
UGCUGCU C CGUGGGG 
CUcAGGU a uCcAuCc 
GAaAGAU C ACaugGG 
AGCCAAU U UCUCaUG 
GCCAAUU U CUCaUGC 
CCAAUUU C UCaUGCC 
AAUUUCU C aUGCCGC 
aAGCUGU U UGAGcug 
AGCUGUU U GAGcugA 
cgagCCU a GGCCaCC 
GaCCuCU A CCAGCcu 
uuCAGCU C CgGuCCU 
CgGACuU U cGauCUu 
AGgaCcU c acCCUGC 
CCUgUuU C CUGCCuc 
gCCGgCU C CaCCuCA 
uACAACU U uUCAGCu 
AACXJUuU C AGCuCCg 
aCCaGaU C 
c 
C 
U 

c 
c 
c 



uGGgCCU 
CaGUcGU 
GGcCUGU 
uUuUGcU 
AGUGggU 
UaaCAgU 
aGCACcU 
GuACUgU 
UGCCCAU 
GGaGAcU 
UGgCUGU 
UGUgcuU 



CUgGAGa 
GuGaUGG 
cGcUuCC 
uCCUGcc 
CCUGGAa 
gAaGgUG 
UaCaACU 
CCCACcu 
CCACUcu 
GGGGugg 
AGUGgCU 
ACagaAc 
GAGAaCU 
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863 
866 
867 
869 
881 
885 
933 
936 
978 
980 
986 
987 
988 
1005 
1006 
1023 
1025 
1066 
1092 
1093 
1125 
1163 
1164 
1166 
1172 
1200 
1201 
1203 
1227 
1228 
1233 
1238 
1264 
1267 
1294 
1295 
1306 
1321 
1334 
1344 
1351 
1793 
1797 
1802 
1812 
1813 
1825 
1837 
1845 



AgCcACU u 
GAagCCU XJ 
AuUCgUU u 
UCuUcCU C 
AuGGCuU C 
CCDugGU a 
cUauAaU c 
uAaUcAU u 
UaACagU C 
ACagUCU A 
UACAaCU U 
ACAaCUU U 
CAaCUUU u 
ACcaGAU 
uGaGAgU 
ugGAGGU 
GAGGUCU 
CCACuCa 
AcuGGaU 
UGGaccU u 
CCCAaCa C 
CGaAGCU.U 
GaAGCXJU C 

AGCUUCU u 

UCCUGuU u 
cuCuGCU c 

gCuGCUU u 

AcuDCJuU u 

GGuAcaU 

GaAGCUa 

UUCGUuU 

GUgCUGU 

GAaGGgU 

uGAgaGU 

AGgAgAU 

GAggggU 

GCAGACU 

gaAGGCU 

AACCCAU 

auGAGCU 

ugAaUGU 

UgGUCCU 

CacCAGU 

acCAGAU 
ACuGgAU 
CAGCAUU U 
CCAcGcU A 
CAugCCU u 
cgAgcCU A 



a 
C 
C 
A 
c 
C 
a 
C 
C 
c 
c 
C 
a 
C 
C 
c 
c 



CcCrCUgG 
CcuGcCC 
cCGGagA 
augCAAG 
AacCcGU 
gagGUGA 
AUuCDGG 
CXJGGuGc 
UACAaCU 
CAaCUUU 
UuCaGCu 
uCaGCuC 
CaGCuCC 
CUGgaGA 
UGggGAA 
UCgGAAG 
gGAAGGG 
cLAaaiiAA 
uCAGgCC 
CAGCCaA 
uUcuUGA 
CUuuUGC 
UuuUGCU 
uUGCUCU 
aaaAACC 
cUcCACA 
UgaACAg 
CACcAGu 
CGCGUgC 
uUuUgCU 
CgGagaG 
UGGuCCu 
GUgCaaG 
uGGGgAA 
CugAGCc 
uCAGCAG 
ugAaaUG 
aGGaGgA 
uCCuaAa 
gAGaGUg 
UAAguuA 
gGcugGA 
AcAUAaA 
CuggAGa 
UcaGGCC 
acccuCA. 
CCUcugC 
uAgCuCc 
GGCCACc 



1408 

1410 

1421 

1425 

1429 

1444 

1455 

1482 

1484 

1493 

1500 

1503 

1506 

1509 . 

1518 

1530 

1533 

1551 

1559 

1563 

1565 

1567 

1584 

1592 

1599 

1651 

1661 

1663 

1678 

1680 

1681 

1684 

1690 

1691 

1696 

1698 

1737 

1750 

1756 

1787 

1790 

2173 

2174 

2175 

2176 

2183 

2185 

2186 

2187 



gCGAGAU C 
GAGgUCT c 
ccCACCU A 
aCUgCCU u 
uCUCUaU u 
GAaggCU C 
GGaAuGU C 
AguUGuU u 
cUGuUCU u 
CuguGcU u 
AUGAaAU c 
gGAcUaU a 
UUaUguU u 
ciiAcCAU C 
ucaUGGU c 
CuauAaU C 
ugGUCAU u 
CAuGCCU u 
AGCACcU c 
CuUAugU u 
UAugUuU A 
ugUuUAU A 
GaAAGAU C 
AgGAuAU A 
ACAaguU A 
CcCaCCU C 
gaAACCU u 
AACCDuU C 
AGGaCCU C 
aGCCaCU U 
GCCaCUU C 
aCUUCCU C 
cCGGaCU U 
CGGaCUU u 
UgCCCAU c 
CggAUAU a 
gAGACcU c 
gGCgGCU c 
gAagCCU u 
gaGaCAU U 
GCADUGU u 
UUagagU U 
UagagUU U 
agagUUU U 
gagUUUU A 
ACCAGCU A 
CAGCUAU U 
AGCUAUU U 
GCUAUUU A 



ggGgaGG 
GgaaGgg 
CuUuUGU 
gGUaGaG 
GccCCuG 
AgGaGGA 
ACCaGga 
UgOaCCC 
CCuCauG 
UGAGAac 
aUggUCc 
AUCAUuc 
AUaACcG 
ACcGUGu 
cCAGgCG 
AUucUGG 
gUGGGCc 
AGCAgcU 
CCcaccU 
UAUAACC 
UAACCGC 
ACCGCCA 
AgGAuAU 
CAaguUA 
CAgaAGG 
CCUGAgC 
UCCuuuG 
CuuuGAa 
agCCUgG 
CCUCuGg 
CUCuGgC 
uGgCUgu 
uCgAUcU 
CgAUcUU 
ggGGUGG 
ccUGGag 
UaCCAgc 
CACCUca 
CCuGCCC 
GUCCcCA 
CUCuaau 
UUACCAG 
UACCAGC 
ACCAGCU 
CCAGCUA 
UUUAUUG 
UAUUGAG 
AUUGAGU 
UUGAGUa 
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1856 

1861 

1865 

1863 

1877 

1901 

1912 

1922 

1923 

1928 

1930 

1964 

1983 

1996 

2005 

2013 

2015 

2020 

2039 

2040 

2057 

2061 

2071 

2076 

2097 

2098 

2115 

2128 

2130 

2145 

2152 

2156 

2158 

2159 

2160 

2162 

2163 

2166 

2167 

2170 

2171 

2417 

2418 

2425 

2426 

2433 

2434 

2448 

2449 



A 
a 
A 
c 
c 
a 
c 
C 
c 
A 
C 



CggaCuU u 
AcaLIGAU a 
cAcuUGU A 
CaccAGU C 
CAUGcCU u 
uAAaACU C 
AuAUagU a 
UGaAUGU a 
uGAUGcU c 
UUAgAGa u 
AgAGUuU u 
GAGACALF u 
AGGAuAU A 
aGGAgAU 
UGgAgCU 
GCUauuU 
UGCCcAU 
ggUGGuU 
gCuGgCU 
CuGACcU 
UGcuCCT 
CuaCCAU 
CAcuUGU 
GUAGCcU 
CaACuCU U 
CACACUU C 
GCCAGCU c 
CaGCUaU u 
cCUGUuU c 
aAACuCU U 
UauUaAU u 
uugAUGU A 
gAUGUAU U 
AUGUAUU U 
UGUAUUU A 
UAUUUAU U 
AUgUAUU u 
acUUCAU U 
AUguAUU U 
uAUUUaU U 
AgUUGUU u 
gAAUGGU . a 
AcUGGaU C 
CAugGGU c 
AuuaaUU u 
uAGAGuU U 
AGAGuUU u 
GAaGCCU U 
AaGCCUU c 



cGAUCUu 
UccAGUa 
GcCuCAg 
ACAUaAa 
AGCagcu 
AAGggAc 
GAUcagU 
uAAGUua 
AgGUaUc 
UuaCCaG 
aCCaGcU 
GuCCCca 
CAAgUua 
CUGAgcC 
GCgGaCc 
UUGaGUA 
GGGgugG 
UuCDGAG 
gCAGAgG 
CuGgAGg 
CAcAucC 
acCgUGU 
GCcUCAg 
AgAgCua 
CuUGAuG 
CcccCcG 
GGaggaU 
UAaUGAg 
CUGcC^C 
cuUGAUg 
UagAgUU 
UUUAUUa 
UAUUaAU 
AUUaAUU 
UUaAUUU 
aAUDUag 
AUUciaUU 
cucUAUU 
aUUAaUU. 
AaUUUAg 
UgcUcCC 
CAuAcGU 
uCAGGcc 
gAGgGuU 
AGAGuUU 
uaCCAGc . 
aCCAGcu 
ccUgCcC 
cUgCcCC 



2189 

2196 

2198 

2199 

2200 

2201 

2205 

2210 

2220 

2224 

2226 

2233 

2242 

2248 

2254 

2259 

2260 

2266 

2274 

2279 

2282 

2288 

2291 

2321 

2338 

2339 

2341 

2344 

2358 

2359 

2360 

2376 

2377 

2378 

2379 

2380 

2382 

2384 

2399 

2401 

2411 

2691 

2700 

2704 

2711 

2712 

2721 

2724 

2744 



UAUUUAU 
caAcUcU 
gcaGcCU 
GccUCUU 
UcUuccU 
aagUUUU 
UUUAUGU 
GgAGaCU 
cuggCAU 
CucAGGU 
UgGaUCU 
CUGaCCU 
UGGAGCU 
UauCcaU 
UCCAauU 
aUCACAU 
UCACAUU 
ggAAuGU 
ACCAGaU 
GaAggGU 
aAGcUGU 
UAuAaGU 
caGUgGU 
gAAAGAU 
UGaGACU 
GaaACcU 
GACcUCU 
UUucgAU 
CCcagCU 
CUGCuUU 
aaCCUUU 
agGUGgU 
gGUGgUU 
agGgUUU 
UGcUUUU 
aAgUUUU 
aUUcUCU 
aUcCagU 
AAaCACU 
aagCUgU 
uACUGGU 
AAuGUcU 
GAaGcCU 
gacCuCU 
CCCAGCU 
gagGucU 
GAAGGGU 
GGuaCAU 
gGUGgGU 



U GAGUacC 
u cUUgAUG 
c UUADGUu 
a UgUuUAu 
c AUGcAaG 
A UGUcGGC 
c GGCcugA 
c AgUGgcu 
u GuUCUCU 
a UCcauCC 
C aGGCCgC 
C cuGGAGg 
a gCgGaCC 
C CAUccCA 
C ACAcUgA 
U CAcGGUg 
C AcGGUgc 
C ACCAGGa 
c CuGgaGa 
c GUgCAaG 
u ugaGcUG 
U aUggcCU 
u CuCUGCu 
C AcAUGGG 
c CUgccUG 
u UCcUUuG . 
a ccaGcCu 
c uuCCAgC 
c UCagCAG 
U gaaCAGA 
C CuuuGAA 
U cUUCUga 
c UUCUgag 
C UCUAcuG 
c ucAUaaG 
a UgUCGGC 
A UuGcCcC 
a GaCACAA 
A UgUGGAC 
u UGagCUG 
c AgGaUgC 
c cGAGGcC 
u CCUgCCc 
a CCAGCcU 
c UcagcaG 
c GGAAGGG 
C gUgCaaG 
a CGuGUGc 
c cGUGcAG 
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2451 GCCUguU U CCUgCCU 

2452 CCUguUU C CUgCCUc 
2455 gAagCCU u COJgCCC 

2459 CCaCaCU U CCCCCCc 

2460 CaCaCDU C CCCCCcg 

2479 GAgACCU c UaccAGC 

2480 uCACCgU U GUgAuCC 

2483 CCaaUGU c AGCCACC 

2484 CUUUuUa c aCCAguc 
2492 agCACCU C CCCACCu 
2504 CCCACcU A CuUUUgU 

2508 uAUcC\U c caUcCCA 

2509 uUAgAgU U uUaCCAG 

2510 UAgAgUU u UaCXIAGc 

2520 CuuuUGU U CcCAAtJG 

2521 CAGcaUU u ACccUcA 
2533 UGAugCO C AGguaUC 
2540 CASCaGU C cgcOgOG 
2545 GUgcDGU a UGGuCca 
2568 guGaAgU c UGuCaAA 
2579 axiAAGuU A UGgCcUG 
2585 cugGCaU U GUaCCTCa 
2588 GCaUUGU u CtTCaaaU 
2591 UgGUuCU C UgcUCCD 
2593 cUuCUuU U GcuCUGc 
2596 CUuUtJGU u CccaaUG 

2601 acCgUGa a UuCgUUa 

2602 UCCaGcU a cCAlTccC 

2607 cUcGgAU a UacCUGG 

2608 caGCAgU c CgCDGuG 
2 609 gGaAUgU C ACcaGGA 
2620 aGGAcCU c aCcCUgc 
2 626 UUuCgaU c UUcCAGC 
2628 GCACacU U GuAGCcu 
2635 UuCAGCU C CgGDccu 

2640 ggCCuGU U UCCUGCc 

2641 cCCAGcU c uCaGCAG 

2642 CCuGUUU C CUGCcuc 
2653 uAcDGgU C AGGaUgC 
2659 gaAGGGU C'gUGCAAG 
2 689 CuAAuGU c UccGAGG 
2941 GagACAU U GuCCccA 

2951 CCAcgCD a CCXJcUGc 

2952 CAGcagU C CgcUGUG 

2955 AgUgaCU c UGUGUcA 

2956 uUUCCUa U GaaUcAa 

2961 UcUGUGU c AGccAcU 

2962 aUGUaUU u aUUAAUa 
2965 UuUgAaU c AAUAAAG 
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2750 


uAuu.uau u. GAguAcC 


2759 


c^ggacju u uCvyaUCU 


2761 


A^vjicc^v^U L- a^-CwUvjC 


2765 


UUIJUo\.U L- UVjCv_gCU. 


2769 


*~rrTi'~r~f^T s -^y^^^f^ 
agu^u^^O u AaaC-AGG 


2797 




2803 




2804 




2813 


^ucv— gv?o \^ CLivoACCC 


2815 


a.v^-mjUv.U a CAaCUUU 


2821 


cuLsrLCv-u c cuGoagg 


2822 


y ^— ">g^ w u w c o\-rat-*Ju 


2823 


ugv-.v-ouU a GcuCcCA 


2829 


^«UV3^2Cl^lJ a LLnaUCAU 


2837 


-^yvjwvjgL* u t^uuciiga 


2840 


uiaM.gd.(»u vJugCuUg 


2847 




2853 


y\— pMn3v,\»s> v_ UUailoUU. 


2860 


ywcsALaU A aCuGuGA 


2872 


waALAJuu c aGv-caAg 


2877 


uu c cv=\-. u a c GAuCAC 


2899 


cGgAcuU U cGAUcUU 


2900 


uuAAuUU" a GAgUUUU 


2904 


AcUUcAU U cUcUaUU 


2905 


cUUcAUU c UcUaUUg 




UUGAUgU a UUUaUUa 


/ 


OGuaCJUU a UUaaUUU 


2908 


GAagcUU c UUUUgcU 




AgcUUcU U UUgcUcU 




UgUaUDU a UUaaUUU 


2911 


UgUaUUU a UUaaUUU 




UUgUUcU c UaaUgUC 


2913 


uuucucu a cuggUCA 


2914 


UgcUUUU c UcaUaAG 


2915 - 


aUUUaUU a aUUuAGA 


2916 


UaUUcgU U UcCgGAG 


2917 


aUUcgUU U cCgGAGA 


2918 


UUcgUUU c CgGAGAg 


2919 


UUcUcaU a AGgGuCG 


2931 


ugGaGGU C UCGgAAg 


2933 


GaGGUCU C GgAAggg 
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2966 GcUgGcU A gcAgAGg 

2969 AaUcAAU A AAGuUUU 

2975 UAgAGuU U UacCAgC 

2976 gAgGgUa U CUCuACU 

2977 AAGOJgU u UgAgCUG 
2979 uCaUUCU C uAuUGCC 
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Table 4 

Human ICAM HH Ribozyme Sequences 

nt. Position Ribozyme Sequence 

11 CAGCGUC CDGAUGAGGCCGAAAGGCCGAA ACUGGGG 

23 AGCAGAG CCGADGAGGCCGAAAGGCCGAA AGCDCAG 

26 AGUAGCA CCGAUGAGGCCGAAAGGCCGAA AGGAGCU 

31 CUCUGAG CUGAUGAGGCCGAAAGGCCGAA AGCAGAG 

34 CAACUCU OJGAUGAGGCCGAAAGGCCGAA AGUAGCA 

40 AGGUUGC OJGAUGAGGCCGAAAGGCCGAA ACUCUGA 

48 CGAGGCU CUGAUGAGGCCGAAAGGCCGAA AGGUUGC 

54 CCAUAGC CUGAUGAGGCCGAAAGGCCGAA AGGCUGA 

58 GGAGCCA CUGAUGAGGCCGAAAGGCCGAA AGCGAGG 

°4 CUGCUGG CUGAUGAGGCCGAAAGGCCGAA AGCCAUA 

96 GGACCAG CUGAUGAGGCCGAAAGGCCGAA AGUGCGG 

102 CGAGCAG CUGAUGAGGCCGAAAGGCCGAA ACCAGGA 

108 GAGCCCC CUGAUGAGGCCGAAAGGCCGAA AGCAGGA 

115 GGGAACA CUGAUGAGGCCGAAAGGCCGAA AGCCCCG 

119 UCCUGGG CUGAUGAGGCCGAAAGGCCGAA ACAGAGC 

120 GUCCUGG CUGAUGAGGCCGAAAGGCCGAA AACAGAG 
146 GGACACA CUGAUGAGGCCGAAAGGCCGAA AUGUCCG 
152 UGAGGGG CUGAUGAGGCCGAAAGGCCGAA ACACAGA 
158 GACUUUU CUGAUGAGGCCGAAAGGCCGAA AGGGGGA 
1^5 GCAGGAU CUGAUGAGGCCGAAAGGCCGAA ACUUUUG 

GGGGCAG CUGAUGAGGCCGAAAGGCCGAA AUQACUU 

185 CAGCACG CUGAUGAGGCCGAAAGGCCGAA AGCCUCC 

209 GUCACAG CUGAUGAGGCCGAAAGGCCGAA AGGUGCU 

227 GCCCAAC CUGAUGAGGCCGAAAGGCCGAA ACUUGGG 

230 UADGCCC CUGAUGAGGCCGAAAGGCCGAA ACAACUU 

237 GGGUCUC CUGAUGAGGCCGAAAGGCCGAA AUGCCCA 

248 UUUAGGC CUGAUGAGGCCGAAAGGCCGAA ACGGGGU 

253 UCCUUUU CUGAUGAGGCCGAAAGGCCGAA AGGCAAC 

263 CAGGAGC CUGAUGAGGCCGAAAGGCCGAA ACUCCUU 

267 CAGGCAG CUGAUGAGGCCGAAAGGCCGAA AGCAACU 

293 CAGUUCA CUGAUGAGGCCGAAAC-GCCGAA ACACCUU 

315 GGUUGGC CUGAUGAGGCCGAAAGGCCGAA AUCUUCU 

335 GUUUGAA CUGAUGAGGCCGAAAGGCCGAA AGCACAU 

337 CAGUUUG CUGAUGAGGCCGAAAGGCCGAA AUAGCAC 

338 GCAGUUU CUGAUGAGGCCGAAAGGCCGAA AAUAGCA 
359 AGCUGUU CUGAUGAGGCCGAAAGGCCGAA ACUGCCC 
367 AAGGUUU CUGAUGAGGCCGAAAGGCCGAA AGCUGUU 

374 GGUGAGG CUGAUGAGGCCGAAAGGCCGAA AGGUUUU 

375 CGGUGAG CUGAUGAGGCCGAAAGGCCGAA AAGGUUU 
378 ACACGGU CUGAUGAGGCCGAAAGGCCGAA AGGAAGG 
386 AGUCCAG CUGAUGAGGCCGAAAGGCCGAA ACACGGU 
394 CGUUCUG CUGAUGAGGCCGAAAGGCCGAA AGUCCAG 
420 AAGAGGG CUGAUGAGGCCGAAAGGCCGAA AGGGGUG 
425 CUGCCAA CUGAUGAGGCCGAAAGGCCGAA AGGGGAG 
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427 GGCUGCC CUGAUGAGGCCGAAAGGCCGAA AGAGGGG 

450 GUAGGGU CUGAUGAGGCCGAAAGGCCGAA AGGUUCU 

451 CGUAGGG CUGAUGAGGCCGAAAGGCCGAA AAGGUUC 
456 GGC^^G CUGAUGAGGCCGAAAGGCCGAA AGGGUAA 
495 CCACGGU CUGAUGAGGCCGAAAGGCCGAA AGGUUGG 
510 CCCCACG CUGAUGAGGCCGAAAGGCCGAA AGCAGaA 
564 UGGUCGU CUGAUGAGGCCGAAAGGCCGAA ACCUCAG 
592 CCAUGGU CUGAUGAGGCCGAAAGGCCGAA AUCUCUC 

607 CACGAGA CUGAUGAGGCCGAAAGGCCGAA ADUGGCU 

608 GCACGAG CUGAUGAGGCCGAAAGGCCGAA AAUUGGC 

609 GGCACOA CUGAUGAGGCCGAAAGGCCGAA AAAUUGG 
611 GCGGCAC CUGAUGAGGCCGAAAGGCCGAA AGAAAUU 

656 GUUCUCA CUGAUGAGGCCGAAAGGCCGAA ACAGCUC 

657 UGUUCUC CUGAUGAGGCCGAAAGGCCGAA AACAGCU 
668 GGGGGCC CUGAUGAGGCCGAAAGGCCGAA AGGUGUU 
677 GAGCUGG CUGAUGAGGCCGAAAGGCCGAA AGGGGGC 
634 AGGUCUG CUGAUGAGGCCGAAAGGCCGAA AGCUGGU 

692 CAGGACA CUGAUGAGGCCGAAAGGCCGAA AGGUCUG 

693 GCAGGAC CUGAUGAGGCCGAAAGGCCGAA AAGGUCU 
696 CUGGCAG CUGAUGAGGCCGAAAGGCCGAA ACAAAGG 
709 UGUGGGG CUGAUGAGGCCGAAAGGCCGAA AGUCGCU 
720 GGCUGAC CUGAUGAGGCCGAAAGGCCGAA AGUUGUG 
723 GGGGGCU CUGAUGAGGCCGAAAGGCCGAA ACAAGUU 
735 CCUCUAG CUGAUGAGGCCGAAAGGCCGAA ACCCGGG 
738 CCACCUC CUGAUGAGGCCGAAAGGCCGAA AGGACCC 
765 GGGAACA CUGAUGAGGCCGAAAGGCCGAA ACCACGG 

769 UCCAGGG CUGAUGAGGCCGAAAGGCCGAA ACAGACC 

770 GUCCAGG CUGAUGAGGCCGAAAGGCCGAA AACAGAC 

785 GACUGGG CUGAUGAGGCCGAAAGGCCGAA ACAGCCC 

786 AGACUGG CUGAUGAGGCCGAAAGGCCGAA AACAGCC 
792 CCUCCGA CUGAUGAGGCCGAAAGGCCGAA ACUGGGA 
794 GGCCUCC CUGAUGAGGCCGAAAGGCCGAA AGACUGG 
807 CCAGGUG CUGAUGAGGCCGAAAGGCCGAA ACCUGGG 
833 GGGGUUC CUGAUGAGGCCGAAAGGCCGAA ACCUCUG 
846 CAUAGGU CUGAUGAGGCCGAAAGGCCGAA ACUGUGG 
851 GUUGCCA CUGAUGAGGCCGAAAGGCCGAA AGGUGAC 
863 CGAGAAG CUGAUGAGGCCGAAAGGCCGAA AGUCGUU 

866 GGCCGAG CUGAUGAGGCCGAAAGGCCGAA AGGAGUC 

867 UGGCCGA CUGAUGAGGCCGAAAGGCCGAA AAGGAGU 
869 CUUGGCC CUGAUGAGGCCGAAAGGCCGAA AGAAGGA 
881 ACUGACU CUGAUGAGGCCGAAAGGCCGAA AGGCCUU 
885 UCACACU CUGAUGAGGCCGAAAGGCCGAA ACUGAGG 
533 CCAGUAU CUGAUGAGGCCGAAAGGCCGAA ACUGCAC 
936 UCCCCAG CUGAUGAGGCCGAAAGGCCGAA AUUACUG 
978 AGCUGUA CUGAUGAGGCCGAAAGGCCGAA AUGGUCA 
980 AAAGCUG CUGAUGAGGCCGAAAGGCCGAA AGAUGGU 

986 CGCCGGA CUGAUGAGGCCGAAAGGCCGAA AGCUGUA 

987 GCGCCGG CUGAUGAGGCCGAAAGGCCGAA AAGCUGU 

988 GGCGCCG CUGAUGAGGCCGAAAGGCCGAA AAAGCUG 
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1005 

1006 

1023 

1025 

1066 

1092 

1093 

1125 

1163 

1154 

1156 

1172 

1200 

1201 

1203 

1227 

1228 

1233 

1238 

1264 

1267 

1294 

1295 

1306 

1321 

1334 

1344 

1351 

1353 

1366 

1367 

1368 

1380 

1388 

1398 

1402 

1408 

1410 

1421 

1425 

1429 

1444 

1455 

1482 

1484 

1493 

1500 

1503 

1506 



UCGUCAG CUGAUGAGGCCGAAAGGCCGAA AUCACGU 
UUCGUCA CUGADGAGGCCGAAAGGCCGAA AAUCACG 
CUUCUGA CUGAUGAGGCCGAAAGGCCGAA ACCDCUG 
CCCDUCU CUGADGAGGCCGAAAGGCCGAA AGACCUC 
UCGGCaC CUGAUGAGGCCGAAAGGCCGAA AGGGCGG 
GGGCUGG CUGAUGAGGCCGAAAGGCCGAA ACCCCAU 
UGGGCUG CUGAUGAGGCCGAAAGGCCGAA AACCCCA 
UCAGCAG CUGAUGAGGCCGAAAGGCCGAA AGCUGGG 
GCAGGAG CUGAUGAGGCCGAAAGGCCGAA AGCUGCG 
AGCAGGA CUGAUGAGGCCGAAAGGCCGAA AAGCUGC 
AGAGCAG CUGAUGAGGCCGAAAGGCCGAA AGAAGCU 
GGUUGCA CUGAUGAGGCCGAAAGGCCGAA AGCAGGA 
UGOGUAU CUGAUGAGGCCGAAAGGCCGAA AGCUGGC 
UUGUGUA CUGAUGAGGCCGAAAGGCCGAA AAGCUGG 
UCUUGUG CUGAUGAGGCCGAAAGGCCGAA AUAAGCU 
GGACACG CUGAUGAGGCCGAAAGGCCGAA AGCUCCC 
AGGACAC CUGAUGAGGCCGAAAGGCCGAA AAGCUCC 
CAUACAG CUGAUGAGGCCGAAAGGCCGAA ACACGAA 
GGGGCCA CUGAUGAGGCCGAAAGGCCGAA ACAGGAC 
CCCGGAC CUGAUGAGGCCGAAAGGCCGAA AUCCCUC 
UUUCCCG CUGAUGAGGCCGAAAGGCCGAA ACAAUCC 
OGCUGGG CUGAUGAGGCCGAAAGGCCGAA AUUUUCU 
CUGCUGG CUGAUGAGGCCGAAAGGCCGAA AAUUUQC 
CACAUUG CUGAUGAGGCCGAAAGGCCGAA AGUCUGC 
UUCCCCC CUGAUGAGGCCGAAAGGCCGAA AGCCUGG 
CUCGGGC CUGAUGAGGCCGAAAGGCCGAA AUGGGUU 
GACACUU CUGAUGAGGCCGAAAGGCCGAA AGCUCGG 
UCCUUUA CUGAXK3AGGCCGAAAGGCCGAA ACACUUG 
CAUCCUU CUGA03AGGCCGAAAGGCCGAA AGACACU 
AGUGGGA CUGAUGAGGCCGAAAGGCCGAA AGUGCCA 
CAGUGGG CUGAUGAGGCCGAAAGGCCGAA AAGUGCC 
GCAGUGG CUGAUGAGGCCGAAAGGCCGAA AAAGUGC 
AUUCCCC CUGAUGAGGCCGAAAGGCCGAA AUGGGCA 
AGUCACU CUGAUGAGGCCGAAAGGCCGAA AUUCCCC 
CaCGACO CUGAUGAGGCCGAAAGGCCGAA ACAGUCA 
AGAUCUC CUGAUGAGGCCGAAAGGCCGAA AGUGACA 
CCCUCAA CUGAUGAGGCCGAAAGGCCGAA AUCUCGA 
UGCCCUC CUGAUGAGGCCGAAAGGCCGAA AGAUCUC 
ACAGAGG CUGAUGAGGCCGAAAGGCCGAA AGGUGCC 
CCCGACA CUGAUGAGGCCGAAAGGCCGAA AGGUAGG 
CUGGCCC CUGAUGAGGCCGAAAGGCCGAA ACAGAGG 
UCCCCUU CUGAUGAGGCCGAAAGGCCGAA AGUGCUC 
CGCGGGU CUGAUGAGGCCGAAAGGCCGAA ACCUCCC 
GGGGGGA CUGAUGAGGCCGAAAGGCCGAA ACk:ACAU 
CCGGGGG CUGAUGAGGCCGAAAGGCCGAA AGAGCAC 
AAUCUCA CUGAUGAGGCCGAAAGGCCGAA ACCGGGG 
UGAUGAC CUGAUGAGGCCGAAAGGCCGAA AUCUCAU 
UGAUGAU CUGAUGAGGCCGAAAGGCCGAA ACAAUCU 
CAGUGAU CUGAUGAGGCCGAAAGGCCGAA AUGACAA 
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1509 

1518 

1530 

1533 

1551 

1559 

1563 

1565 

1567 

1584 

1592 

1599 

1651 

1661 

1663 

1678 

1680 

1681 

1684 

1690 

1691 

1696 

1698 

1737 

1750 

1756 

1787 

1790 

1793 

1797 

1802 

1812 

1813 

1825 

1837 

1845 

1856 

1861 

1865 

1868 

1877 

1901 

1912 

1922 

1923 

1928 

1930 

1964 

1983 



CCACAGU CUGADGAGGCCGAAAGGCCGAA AUGAUGA 
CGGCUGC CUGADGAGGCCGAAAGGCCGAA ACCACAG 
CCAUUAU CDGADGAGGCCGAAAGGCCGAA ACDGCGG 
UGCCCAU CUGADGAGGCCGAAAGGCCGAA AUGACUG 
ACGUGCU CDGADGAGGCCGAAAGGCCGAA AGGCCUG 
AUAGAGG CDGADGAGGCCGAAAGGCCGAA ACGUGCU 
GGUOAUA CDGADGAGGCCGAAAGGCCGAA AGGUACG 
GCGGUUA CDGADGAGGCCGAAAGGCCGAA AGAGGDA 
VGGCGGU CDGADGAGGCCGAAAGGCCGAA ADAGAGG 
AUUUCUU CDGADGAGGCCGAAAGGCCGAA ADCDDCC 
UAGDCUG CDGADGAGGCCGAAAGGCCGAA ADDDCUU 
CCUGUUG COSADGAGGCCGAAAGGCCGAA AGUCDGU 
GUDCAGG CDGADGAGGCCGAAAGGCCGAA AGGCGUG 
CCCGGGA CtKSADGAGGCCGAAAOSCCGAA AGGDDCA 
GDCCCGG CDGADGAGGCCGAAAGGCCGAA AUAGGDU 
CGAGGAA CDGADGAGGCCGAAAGGCCGAA AGGCCOJ 
GCCGAGG CUGADGAGGCCGAAAGGCCGAA AGAGGCC 
GGCCGAG CDGADGAGGCCGAAAGGCCGAA AAGAGGC 
GAAGGCC CDGADGAGGCCGAAAGGCCGAA AGGAAGA 
ADADGGG CDGADGAGGCCGAAAGGCCGAA AGGCCGA 
AAUADGG CDGADGAGGCCGAAAGGCCGAA AAGGCCG 
CCACCAA CDGADGAGGCCGAAAGGCCGAA ADGGGAA 
DGCCACC CDGADGAGGCCGAAAGGCCGAA ADADGGG 
CAUGGCA CDGADGAGGCCGAAAGGCCGAA AUGUCUU 
GUAGGDG CUGADGAGGCCGAAAGGCCGAA AGCDGCA 
GGGCCGG CDGADGAGGCCGAAAGGCCGAA AGGDGUA 
UGAGGAC CDGADGAGGCCGAAAGGCCGAA ADGCCCU 
GACUGAG CDGADGAGGCCGAAAGGCCGAA ACAADGC 
UCUGACU CDGAOSAGGCCGAAAGGCCGAA AGGACAA 
UGUADCD CDGADGAGGCCGAAAGGCCGAA ACDGAGG 
GCDGDUG CUGADGAGGCCGAAAGGCCGAA ADCOGAC 
^^'^CCCCA CDGADGAGGCCGAAAGGCCGAA ADGCUGU 
DGGCCCC CDGADGAGGCCGAAAGGCCGAA AAIK3CDG 
GUGCAGG CUGADGAGGCCGAAAGGCCGAA ACCADGG 
AGUGUUU CDGADGAGGCCGAAAGGCCGAA AGGDGDG 
CG^J^C CDGADGAGGCCGAAAGGCCGAA AGDGDDU 
CAGADCA CDGADGAGGCCGAAAGGCCGAA ADGCGUG 
GACUACA CUGADGAGGCCGAAAGGCCGAA AUCAGAU 
ADGDGAC CUGADGAGGCCGAAAGGCCGAA ACAGADC 
GDCAUGD CUGADGAGGCCGAAAGGCCGAA ACDACAG 
CDDGGCU CUGADGAGGCCGAAAGGCCGAA AGUCAUG 
AUGUCUU CUGADGAGGCCGAAAGGCCGAA AGUCDUG 
AUCCAUC CDGADGAGGCCGAAAGGCCGAA AUCADGD 
AGACDUU CUGADGAGGCCGAAAGGCCGAA ACADCCA 
UAGACDU CUGAUGAGGCCGAAAGGCCGAA AACAUCC 
CAGGCUA CDGADGAGGCCGAAAGGCCGAA ACDDUAA 
AUCAGGC CDGADGAGGCCGAAAGGCCGAA AGACDUU 
GUGGGGC CUGAUGAGGCCGAAAGGCCGAA AUGUCUC 
CCAGUUG CUGAUGAGGCCGAAAGGCCGAA AUGDCCU 
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1996 GUUUCXG CUGAUGAGGCCGAAAGGCCGAA AUUUCCC 

2005 AGGCAGC CDGAUGACGCCGAAAGGCCGAA AGUUUCA 

2013 UaCCCAA CUGADGAGGCCGAAAGGCCGAA AGGCAGC 

2015 CAIIACCC CUGAJCGAGGCCGAAAGGCCGAA ADAGGCA 

2020 CUCAGCA CUGAUGAGGCCGAAAGGCCGAA ACCCAAU 

2039 CDUCUGU CUGADGAGGCCGAAAGGCCGAA AGUCUGU 

2040 UCUUCUG CUGAUGAGGCCGAAAGGCCGAA AAGUCUG 
2057 GUCUAUG CUGAUGAGGCCGAAAGGCCGAA AGGGCCA 
2061 ACAUGUC CUGAUGAGGCCGAAAGGCCGAA AUGGAGG 
2071 UUGAUGC CUGAUGAGGCCGAAAGGCCGAA ACACAUG 
2076 GuGUUUU CUGAUGAGGCCGAAAGGCCGAA AUGCUAC 

2097 CGUCAGG CUGAUGAGGCCGAAAGGCCGAA AGUGCGG 

2098 CCGUCAG CDGADGAGGCCGAAAGGCCGAA AAGUGUG 
2115 AGUGCCC CUGAUGAGGCCGAAAGGCCGAA AGCUGGC 
2128 GUCAGUA CUGAUGAGGCCGAAAGGCCGAA ACAGCAG 
2130 GGGUCAG CUGAUGAGGCCGAAAGGCCGAA AGACAGC 
2145 UAUCAUC CUGATPGAGGCCGAAAGGCCGAA AGGGUUG 

2152 AAAUACA CUGAUGAGGCCGAAAGGCCGAA AUCAUCA 
2156 GAAUAAA CUGAUGAGGCCGAAAGGCCGAA ACAUAUC 

2158 AUGAAUA CUGAUGAGGCCGAAAGGCCGAA AUACAUA 

2159 AAUGAAU CUGAUGAGGCCGAAAGGCCGAA AAUACAU 

2160 AAAUGAA CUGAUGAGGCCGAAAGGCCGAA AAAUACA 
2162 ACAAAUG CUGAUGAGGCCGAAAGGCCGAA AUAAAUA 

2153 AACAAAU CUGAUGAGGCCGAAAGGCCGAA AAUAAAU 

2166 AAUAACA CUGAUGAGGCCGAAAGGCCaAA AUGAAUA 

2167 AAAX3AAC CUGAUGAGGCCGAAAGGCCGAA AAUGAAU 

2170 GUAAAAU CUGAUGAGGCCGAAAGGCCGAA ACAAAUG 

2171 GGUAAAA CUGAUGAGGCCGAAAGGCCGAA AACAAAU 

2173 CUGGUAA CUGAUGAGGCCGAAAGGCCGAA AUAACAA 

2174 GCUGGUA CUGAUGAGGCCGAAAGGCCGAA AAUAACA 

2175 AGCUGGU CUGAUGAGGCCGAAAGGCCGAA AAAUAAC 

2176 UAGCUGG CUGAUGAGGCCGAAAGGCCGAA AAAAUAA 
2183 CAAUAAA CUGAUGAGGCCGAAAGGCCGAA AGCUGGU 

2185 CUCAAUA CUGAUGAGGCCGAAAGGCCGAA AUAGCUG 

2186 ACUCAAU CUGAUGAGGCCGAAAGGCCGAA AAUAGCU 

2187 GACUCAA CUGAUGAGGCCGAAAGGCCGAA AAAUAGC 
2189 GACACUC CUGAUGAGGCCGAAAGGCCGAA AUAAAUA 
2196 CAUAAAA CUGAUGAGGCCGAAAGGCCGAA ACACUCA 

2198 UACAUAA CUGAUGAGGCCGAAAGGCCGAJl AGACACU 

2199 CUACAUA CUGAUGAGGCCGAAAGGCCGAA AAGACAC 

2200 CCUACAU CUGAUGAGGCCGAAAGGCCGAA AAAGACA 

2201 GCCl^CA CUGAUGAGGCCGAT^AGGCCGAA AAAAGAC 
2205 UUUAGCC CUGAUGAGGCCGAAAGGCCGAA ACAUAAA 
2210 GUUCAUU CUGAUGAGGCCGAAAGGCCGAJl AGCCUAC 
2220 AGAGACC CUGAUGAGGCCGAAAGGCCGAA AUGUUCA 
2224 GGCCAGA CUGAUGAGGCCGAAAGGCCGAA ACCUAUG 
2226 GAGGCCA CUGAUGAGGCCGAAAGGCCGAA AGACCUA 
2233 GCUCCGU CUGAUGAGGCCGAAAGGCCGAA AGGCCAG 
2242 GGACUGG CUGAUGAGGCCGAAAGGCCGAA AGCUCCG 
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2248 

2254 

2259 

2260 

2266 

2274 

2279 

2282 

2288 

2291 

2321 

2338 

2339 

2341 

2344 

2358 

2359 

2360 

2376 

2377 

2378 

2379 

2380 

2382 

2384 

2399 

2401 

2411 

2417 

2418 

2425 

2426 

2433 

2434 

2448 

2449 

2451 

2452 

2455 

2459 

2460 

2479 

2480 

2483 

2484 

2492 

2504 

2508 

2509 



UGACAUG CUGAUGAGGCCGAAAGGCCGAA ACUGGGA 
UGAAUGU CX^DGAGGCCGAAAGGCCGAA ACAXJGGA 
GACCUUG CUGADGAGGCCGAAAGGCCGAA AUGUGAC 
UGACOJU CUGAUGAGGCCGAAAGGCCGAA AADGUGA 
ACOJGGU CUGAUGAGGCCGAAAGGCCGAA ACCUDGA 
ACAACUG CUGADGAGGCCGAAAGGCCGAA ACCUGGU 
CCUGDAC CUGADGAGGCCGAAAGGCCGAA ACUGUAC 
CAACCUG CUGAUGAGGCCGAAAGGCCGAA ACAACUG 
AGUGUAC CUGADGAGGCCGAAAGGCCGAA ACCUGUA 
UGCAGUG CUGAUGAGGCCGAAAGGCCGAA ACAACCU 
CCCAUUU CUGADGAGGCCGAAAGGCCGAA AUCUUUU 
CAAUGAG CUGAUGAGGCCGAAAGGCCGAA AGUCCCA 
CCAAUGA CUGAUGAGGCCGAAAGGCCGAA AAGUCCC 
GGCCAAU CUGADGAGGCCGAAAGGCCGAA AGAAGUC 
GUUGGCC CUGAUGAGGCCGAAAGGCCGAA AUGAGAA 
CUGGGGA OJGAUGAGGCCGAAAGGCCGAA AGGCAGG 
UCUGGGG CUGAUGAGGCCGAAAGGCCGAA AAGGCAG 
UDCDGGG CUGAUGAGGCCGAAAGGCCGAA AAAGGCA 
AUAGAAA CUGADGAGGCCGAAAGGCCGAA AUCACUC 
GAUAGAA CUGADGAGGCCGAAAGGCCGAA AAUCACU 
CGAUAGA CUGAUGAGGCCGAAAGGCCGAA AAAUCAC 
CCGAUAG CUGAUGAGGCCGAAAGGCCGAA AAAAUCA 
GCCQAUA CUGAUGAGGCCGAAAGGCCGAA AAAAAUC 
GUGCCGA CUGAUGAGGCCGAAAGGCCGAA AGAAAAA 
UUGUGCC CUGAUGAGGCCGAAAGGCCGAA AUAGAAA 
GUCCAUA CUGADGAGGCCGAAAGGCCGAA AGUGCUU 
CAGUCCA CUGAUGAGGCCGAAAGGCCGAA AUAGUGC 
GAACCAU CUGADGAGGCCGAAAGGCCGAA ACCAGUC 
ACCUGUG CUGADGAGGCCGAAAGGCCGAA ACCAUUA 
AACCUGU CUGADGAGGCCGAAAGGCCGAA AACCAUU 
AUCUCUG CUGAUGAGGCCGAAAGGCCGAA ACCUGUG 
AADCUCU CUGAUGAGGCCGAAAGGCCGAA AACCUGU 
ACUGGGU CUGAUGAGGCCGAAAGGCCGAA AUCUCUG 
CACUGGG CUGAUGAGGCCGAAAGGCCGAA AADCUCU 
GAGGAAU CUGAUGAGGCCGAAAGGCCGAA AGGCCUC 
GGAGGAA CUGAUGAGGCCGAAAGGCCGAA AAGGCCU 
AGGGAGG CUGADGAGGCCGAAAGGCCGAA AUAAGGC 
AAGGGAG CUGAUGAGGCCGAAAGGCCGAA AAUAAGG 
GGGAAGG CUGAUGAGGCCGAAAGGCCGAA AGGAAUA 
UGGGGGG CUGAUGAGGCCGAAAGGCCGAA AGGGAGG 
UUSGGGG CUGADGAGGCCGAAAGGCCGAA AAGGGAG 
GCUAACA CDGADGAGGCCGAAAGGCCGAA AGGDGUC 
GGCUAAC CUGAUGAGGCCGAAAGGCCGAA AAGGUGU 
GGUGGCU CUGAUGAGGCCGAAAGGCCGAA ACAAAGG 
AGGUGGC CUGAUGAGGCCGAAAGGCCGAA AACAAAG 
GGGUGGG CUGAUGAGGCCGAAAGGCCGAA AGGUGGC 
AGAAAUG CUGAUGAGGCCGAAAGGCCGAA AUGUGGG 
UGGCAGA CUGAUGAGGCCGAAAGGCCGAA AUGOAUG 
COTGCAG CUGAUGAGGCCGAAAGGCCGAA AAUGUAU 
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2510 

2520 

2521 

2533 

2540 

2545 

2568 

2579 

2585 

2588 

2591 

2593 

2596 

2601 

2602 

2607 

2608 

2609 

2620 

2626 

2628 

2635 

2640 

2641 

2642 

2633 

2659 

2689 

2691 

2700 

2704 

2711 

2712 

2721 

2724 

2744 

2750 

2759 

2761 

2765 

2769 

2797 

2803 

2804 

2813 

2815 

2821 

2822 

2823 



ACUGGCA CDGAUGAGGCCGAAAGGCCGAA AAADGUA 
CAUUGUG CUGAUGAGGCCGAAAGGCCGAA ACAO^GG 
UCAUUGU CUGAUGAGGCCGAAAGGCXX3AA AACACUG 
GACCGCU OTGADGAGGCCGAAAGGCCGAA AGOGUCA 
CAGACAU CUGADGAGGCCGAAAGGCCGAA ACCGCUG 
AUGUCCA CUGADGAGGCCGAAAGGCCGAA ACAUGAC 
UDGGGCA CUGAtXSAGGCCGAAAGGCCGAA ADCCCCU 
CAAGGCA CUGADGAGGCCGAAAGGCCGAA AGCUCGG 
AGAGGAC CUGAUGAGGCCGAAAGGCCGAA AGGCAUA 
ACAAGAG CUGADGAGGCCGAAAGGCCGAA ACAAGGC 
AGGACAA CUGADGAGGCCGAAAGGCCGAA AGGACAA 
ACAGGAC CUGADGAGGCCGAAAGGCCGAA AGAGGAC 
CAAACAG CUGADGAGGCCGAAAGGCCGAA ACAAGAG 
AAAUGCA CUGADGAGGCCGAAAGGCCGAA ACAGGAC 
GAAADGC CUGADGAGGCCGAAAGGCCGAA AACAGGA 
CCAGUGA CUGADGAGGCCGAAAGGCCGAA ADGCAAA 
CCCAGUG CUGADGAGGCCGAAAGGCCGAA AADGCAA 
UCCCAGO CUGADGAGGCCGAAAGGCCGAA AAADGCA 
ADAGUGC CUGADGAGGCCGAAAGGCCGAA AGCUCCC 
GCUGCAA CUGADGAGGCCGAAAGGCCGAA AGDGCAA 
GAGCUGC CUGADGAGGCCGAAAGGCCGAA ADAGUGC 
GAAACUG CUGADGAGGCCGAAAGGCCGAA AGCDGCA 
UGCAGGA CUGADGAGGCCGAAAGGCCGAA ACUGGAG 
CUGCAGG CUGADGAGGCCGAAAGGCCGAA AAOKSGA 
ACUGCAG CUGADGAGGCCGAAAGGCCGAA AAACUGG 
GGACCCU CUGADGAGGCCGAAAGGCCGAA ADCACDG 
CUUGCAG CUGADGAGGCCGAAAGGCCGAA ACCCDGA 
CCUCCAA CUGADGAGGCCGAAAGGCCGAA ACCDUGG 
GUCCUCC CUGADGAGGCCGAAAGGCCGAA ADACCUU 
UGGGAGG CUGADGAGGCCGAAAGGCCGAA AGUCCUC 
AAGCUGG CUGADGAGGCCGAAAGGCCGAA AGGGAGD 
CCDDCCA CDGADGAGGCCGAAAGGCCGAA AGCOGGG 
CCCUUCC CUGADGAGGCCGAAAGGCCGAA AAGCTOG 
CGCGGAD CUGADGAGGCCGAAAGGCCGAA ACCCOUC 
ACACGCG CUGADGAGGCCGAAAGGCCGAA AUGACCC 
CUACACA CUGADGAGGCCGAAAGGCCGAA ACACACA 
GCUUGUC CUGADGAGGCCGAAAGGCCGAA ACACADA 
AGAGCGA CUGADGAGGCCGAAAGGCCGAA AGCDDGD 
ACAGAGC CUGADGAGGCCGAAAGGCCGAA AGAGCUU 
GGUGACA CUGADGAGGCCGAAAGGCCGAA AGCGAGA 
CCUGGGD CDGADGAGGCCGAAAGGCCGAA ACAGAGC 
GAACCAU CUGADGAGGCCGAAAGGCCGAA AUDGCAC 
UGCAGDG CUGADGAGGCCGAAAGGCCGAA ACCADGA 
CUGCAGU CUGADGAGGCCGAAAGGCCGAA AACCAUG 
AGGUCAA CUGADGAGGCCGAAAGGCCGAA ACUGCAG. 
AAAGGUC CUGADGAGGCCGAAAGGCCGAA AGACDGC 
AGCCCAA CUGADGAGGCCGAAAGGCCGAA AGGUCAA 
GAGCCCA CUGAUGAGGCCGAAAGGCCGAA AAGGUCA 
UGAGCCC CUGADGAGGCCGAAAGGCCGAA AAAGGUC 
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2829 AUCACUU CUGAUGAGGCCGAAAGGCCGAA AGCCCAA 

2837 GUGGGAG CUGADGAGGCCGAAAGGCCGAA AUCACUU 

2840 GAGGOGG CUGADGAGGCCGAAAGGCCGAA AGGAUCA 

2847 GGAGGCU CUGADGAGGCCGAAAGGCCGAA AGGUGGG 

2853 UACUCAG CUGADGAGGCCGAAAGGCCGAA AGGCUGA 

2860 UCCCAGC CUGAUGAGGCCGAAAGGCCGAA ACUCAGG 

2872 GUGAGCC CUGAUGAGGCCGAAAGGCCGAA AUGGUCC 

2877 GDGUUGU CUGAUGAGGCCGAAAGGCCGAA AGCCUAU 

2899 AAAAUCA CUGAUGAGGCCGAAAGGCCGAA ADUUGCC 

2900 AAAAAUC CUGAUGAGGCCGAAAGGCCGAA AAUUCGC 

2904 AAAAAAA CUGAXXSAGGCCGAAAGGCCGAA AUCAAAU 

2905 AAAAAAA CUGAUGAGGCCGAAAGGCCGAA AAUCAAA 

2906 AAAAAAA CUGAUGAGGCCGAAAGGCCGAA AAADCAA 

2907 AAAAAAA CUGAUGAGGCCGAAAGGCCGAA AAAAUCA 

2908 AAAAAAA CUGAUGAGGCCGAAAGGCCGAA AAAAAUC 

2909 AAAAAAA CUGAUGAGGCCGAAAGGCCGAA AAAAAAU 

2910 AAAAAAA CUGADGAGGCCGAAAGGCCGAA AAAAAAA 

2911 AAAAAAA CUGADGAGGCCGAAAGGCCGAA AAAAAAA 

2912 GAAAAAA CUGAUGAGGCCGAAAGGCCGAA AAAAAAA 

2913 UGAAAAA CUGAUGAGGCCGAAAGGCCGAA AAAAAAA 

2914 CUGAAAA CUGAUGAGGCCGAAAGGCCGAA AAAAAAA 

2915 UCUGAAA CUGAUGAGGCCGAAAGGCCGAA AAAAAAA 

2916 CUCUGAA CUGAUGAGGCCGAAAGGCCGAA AAAAAAA 

2917 UCUCUGA CUGAUGAGGCCGAAAGGCCGAA AAAAAAA 

2918 GUCUCUG CUGAUGAGGCCGAAAGGCCGAA AAAAAAA 

2919 CGUCUCU CUGADGAGGCCGAAAGGCCGAA AAAAAAA 
2931 GUDGCGA CUGADGAGGCCGAAAGGCCGAA ACCCCGU 
2933 AUGUUGC CUGAUGAGGCCGAAAGGCCGAA AGACCCC 
2941 UCUGGGC CUGAUGAGGCCGAAAGGCCGAA AUGUUC-C 

2951 . ACAAAGG CUGA03AGGCCGAAAGGCCGAA AGDCUGG 

2952 CACAAAG CUGAUGAGGCCGAAAGGCCGAA AAGUCUG 

2955 UAACACA CUGAUGAGGCCGAAAGGCCGAA AGGAAGD 

2956 CUAACAC CUGAUGAGGCCGAAAGGCCGAA AAGGAAG 

2961 AUUAACU CUGAUGAGGCCGAAAGGCCGAA ACACAAA 

2962 UAUUAAC CUGAUGAGGCCGAAAGGCCGAA AACACAA 

2965 CUUUAUU CUGADGAGGCCGAAAGGCCGAA ACUAACA 

2966 GCUUUAU CUGAUGAGGCCGAAAGGCCGAA AACUAAC 
2969 AAAGCUU CUGAUGAGGCCGAAAGGCCGAA AUUAACU 

2975 GUUGAGA CUGAUGAGGCCGAAAGGCCGAA AGCUUUA 

2976 AGUUGAG CUGAUGAGGCCGAAAGGCCGAA AAGCDUU 
29*77 CAGUUGA CUGAUGAGGCCGAAAGGCCGAA AAAGCUU 
2979 GGCAGUU CUGAUGAGGCCGAAAGGCCGAA AGAAAGC 
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Table 5 

Mouse ICAM HH Ribozyme Sequence 

nt. Position Ribozyme Sequence 

11 CAACGCa CUGAUGAGGCCGAAAGGCCGAA ACCAGGG 

2^ AGCAGAG CUGAUGAGGCCGAAAGGCCGAA ACCACUG 

26 AGGAGCA C7JGAUGAGGCCGAAAGGCCGAA AGAACCA 

31 UGUGGAG CUGADGAGGCCGAAAGGCCGAA AGCAGAG 

CGACCCU CDGADGAGGCXXSAAAGGCCGAA ADGAGAA 
40 AGGCOAC CUGAUGAGGCCGAAAGGCCGAA AGUGOGC 

48 CCAGGCU CUGADGAGGCCGAAAGGCCGAA AGGUCCU 

54 CCAUCAC COGADGAGGCCGAAAGGCCGAA AGGCCCA 

58 GGAGCUA CUGADGAGGCCGAAAGGCCGAA AGGCADG 

64 CUGCDGG COGADGAGGCCGAAAGGCCGAA AGGGGUG 

96 GGGCCAG COGADGAGGCCGAAAGGCCGAA AGCAGAG 

102 CCAGCAG COGADGAGGCCGAAAGGCCGAA ACOGGCA 

108 GGGCCAG COGADGAGGCCGAAAGGCCGAA AGCAGAG 

115 AGGAGCA CUGADGAGGCCGAAAGGCCGAA AGAACCA 

119 DCCDGGD CUGADGAGGCCGAAAGGCCGAA ACADDCC ■ 

GGGCCAG COGADGAGGCCGAAAGGCCGAA AGCAGAG 
GGAAGCG OJGADGAGGCCGAAAGGCCGAA ACGACUG 
AGOGGCD COGADGAGGCCGAAAGGCCGAA ACACAGA 
^^^^^^^^^ COGADGAGGCCGAAAGGCCGAA AACAGGA 
16d GCAAAAC CUGADGAGGCCGAAAGGCCGAA ACODCDG 

168 GGGGCAG CUGADGAGGCCGAAAGGCCGAA AAGGCDD 

185 CroCACG COGADGAGGCCGAAAGGCCGAA ACCCACC 

GCCAGAG CUGADGAGGCCGAAAGGCCGAA AAGDGGC 
GCAAAAC CUGADGAGGCCGAAAGGCCGAA ACODCDG 
GGAGCAA COGADGAGGCCGAAAGGCCGAA ACAACOU 
AGDUCUC COGADGAGGCCGAAAGGCCGAA AAGCACA 
UUUAGGA COGADGAGGCCGAAAGGCCGAA AOGGGUD 
UCODCCD COGADGAGGCCGAAAGGCCGAA AGGCAGG 
CAGUAGA COGADGAGGCCGAAAGGCCGAA AAACCCO 
UAGGCAG COGADGAGGCCGAAAGGCCGAA AGCCCCO 
CAGCOCA COGADGAGGCCGAAAGGCCGAA ACAGCUU 
GGCDCAG COGADGAGGCCGAAAGGCCGAA ADCDCCU 
GDUCDCA COGADGAGGCCGAAAGGCCGAA AGCAGAG 
CAGDGOG CUGADGAGGCCGAAAGGCCGAA ADDGGAC 
UCAGCUC CUGADGAGGCCGAAAGGCCGAA AACAGCU 
AGCGGAC CUGADGAGGCCGAAAGGCCGAA ACDGCAC 
CGGGUUG CUGADGAGGCCGAAAGGCCGAA AGCCAUU 
C-GGCAGG COGADGAGGCCGAAAGGCCGAA AGGCUUC 
GGGGCAG CUGADGAGGCCGAAAGGCCGAA AAGGCDD 
ACACGGU CUGADGAGGCCGAAAGGCCGAA AUGGUAG 
AAACGAA CUGAUGAGGCCGAAAGGCCGAA ACACGGU 
394 AGAUCGA CUGAUGAGC-CCGAAAGGCCGAA AGUCCGG 

CGGGGGG CUGAUGAC-GCCGAAAC-GCCGAA AAGUGUG 



120 
146 
152 
153 



185 

209 

227 

230 

237 

248 

253 

263 

267 

293 

319 

335 

337 

338 

359 

367 

374 

375 

378 

386 



420 

425 CUGCUGC 



CUGAUGAGGCCGAAAGGCCGAA AGGGGUG 
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427 CACUGCU CtJGAUGAGGCCGAAAGGCCGAA AGAGOJG 

450 GCAGGGU CUGAUGAGGCCGAAAGGCCGAA AGGUCCU 

451 CAAAGGA CUGACGAGGCCGAAAGGCCGAA AGGUDUC 
456 AGUGGCU CUGAUGAGGCCGAAAGGCCX^AA AGGGUAA 
495 ACACGGU CUGAUGAGGCCGAAAGGCCGAA AUGGUAG 
510 CCCCACG CUGAUGAGGCCGAAAGGCCGAA AGCAGC\ 
354 GGAUGGA CUGAUGAGGCCGAAAGGCCOAA ACCUGAG 
532 CCCAUGU CUGAUGAGGCCGAAAGGCCGAA ACCUUUC 
607 CAUGAGA CUGAUGAGGCCGAAAGGCCGAA AUUGGCU 
^08 GCAUGAG CUGAUGAGGCCGAAAGGCCGAA AAUUGGC 
609 GGCADGA CUGAUGAGGCCGA?^AGGCCGAA AAAUUGG 
611 GCGGCAU CUGAUGAGGCCGAAAGGCCGAA AGAAAUU 
S56 CAGCUCA CUGAUGAGGCCGAAAGGCCGAA ACAGCUU 
657 UCAGCUC CUGAUGAGGCCGAA?^GGCCGAA AACAGCU 
668 GGUGGCC CUGAUGAGGCCGAAAGGCCGAA AGGCUCG 
S77 AGGCUGG CUGAUGAGGCCGAAAGGCCGAA AGAGGUC 
634 AGGACCG CUGAUGAGGCCGAAAGGCCGAA AGCUGAA 
S92 AAGAUCG CUGAUGAGGCCGAAAGGCCGAA AAGUCCG 
693 GCAGGGU CUGAUGAGGCCGAAAGGCCGAA AGGUCCU 
696 GAGGCAG CUGAUGAGGCCGAAAGGCCGAA AAACAGG 
709 UGAGGUG CUGAUGAGGCCGAAAGGCCGAA AGCCGCC 
720 AGCUGAA OJGAUGAGGCCGAAAGGCCGAA AGUUGUA 
723 CGGAGCU CUGAUGAGGCCGAAAGGCCGAA AAAAGUU 

735 UCUCCAG CUGAUGAGGCCGAAAGGCCGAA AUCUGGU 
738 CCAUeAC CUGAUGAGGCCGAAAGGCCGAA AGGCCCA 
765 GGAAGCG CUGAUGAGGCCGAAAGGCCGAA ACGACUG 

769 GGCAGGA CUGAUGAGGCCGAAAGGCCGAA ACAGGCC 

770 UUCCAGG CUGAUGAGGCCGAAAGGCCGAA AGCAAAA 
785 GGCAGGA CUGAUGAGGCCGAAAGGCCGAA ACAGGCC 

736 AGGCAGG CUGAUGAGGCCGAAAGGCCGAA AACAGGC 
792 CUUCCGA CUGAUGAGGCCGAAAGGCCGAA ACCUCCA 
794 AGUCUCC CUGAUGAGGCCGAAAGGCCGAA AGCCCAG 
807 CCAGGUA CUGAUGAGGCCGAAAGGCCGAA AUCCGAG 
833 GGGUGUC CUGAUGAGGCCGAAAGGCCGAA AGCUUUG 
846 CAACGGU CUGAUGAGGCCGAAAGGCCGAA ACCAGGG 
851 GCUGGUA CUGAUGAGGCCGAAAGGCCGAA AGGUCUC 
863 CCAGAGG CUGAUGAGGCCGAAAGGCCGAA AGUGGCU 

866 GGGCAGG CUGAUGAGGCCGAAAGGCCGAA AGGCUUC 

867 UCUCCGG CUGAUGAGGCCGAAAGGCCGAA AACGAAU 
869 CUUGCAU CUGAUGAGGCCGAAAGGCCGAA AGGAAGA 
881 ACGGGUU CUGAUGAGGCCGAAAGGCCGAA AAGCCAU 
885 UCACCUC CUGAUGAGGCCGAAAGGCCGAA ACCAAGG 
933 CCAGAAU CUGAUGAGGCCGAAAGGCCGAA AUUAUAG 
936 GCACCAG CUGAUGAGGCCGAAAGGCCGAA AUGAUUA 
978 AGUUGUA CUGAUGAGGCCGAAAGGCCGAA ACUGUUA 
980 AAAGUUG CUGAUGAGGCCGAAAGGCCGAA AGACUGU 

986 AGCUGAA CUGAUGAGGCCGAAAGGCCGAA AGUUGUA 

987 GAGCUGA CUGAUGAGC-CCGAAAGGCCGAA AAGUUGU 
9S3 GGAGCUG CUGAUGAC-C-CCGAAAGGCCGAA A-^_-.GUUG 
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1005 UCUCCAG CUGAUGAGGCCGAAAGGCCGAA AUCtJGGU 

1006 UDCCCCA OJGAUGAGGCCGAAAGGCCGAA ACUCDCA 
1023 CUUCXTGA CUGADGAGGCCGAAAGGCCGAA ACCUCCA 
1025 CCCUUCC aX3AUGAGGCCGAAAGGCCGAA AGACCUC 
1066 UUAUUUU CUGAUGAGGCCGAAAGGCCGAA AGAGDGG 

1092 GGCCUGA OJGAUGAGGCCGAAAGGCCGAA AUCCAGU 

1093 UUGGCUG CUGAUGAGGCCGAAAGGCCGAA AGGUCCA 
1125 UCAAGAA CUGAUGAGGCCGAAAGGCCGAA AGUUGGG 

1163 GCAAAAG CUGAUGAGGCCGAAAGGCCGAA AGCUUCG 

1164 AGCAAAA CUGAXJGAGGCCGAAAGGCCGAA AAGCUUC 
1166 AGAGCAA CUGAUGAGGCCGAAAGGCCGAA AGAAGCU 
1172 GGUUUUU CUGAUGAGGCCGAAAGGCCGAA AACAGGA 

1200 UGOGGAG CUGAUGAGGCCGAAAGGCCGAA AGCAGAG 

1201 COGOUCA CUGAUGAGGCCGAAAGGCCGAA AAGCAGC 
1203 ACUGGUG CUGAUGAGGCCGAAAGGCCGAA AAAAAGU 

1227 GCACACG CUGAUGAGGCCGAAAGGCCGAA AUGUACC 

1228 AGCAAAA CUGAUGAGGCCGAAAGGCCGAA AAGCUUC 
1233 CUCUCCG CUGAUGAGGCCGAAAGGCCGAA AAACGAA 
1238 AGGACCA CUGAUGAGGCCGAAAGGCCGAA ACAGCAC 
1264 CUUGCAC CUGAUGAGGCCGAAAGGCCGAA ACCCUUC 
1267 UUCCCCA CUGAUGAGGCCGAAAGGCCGAA ACUCUCA 

1294 GGCUCAG CUGAUGAGGCCGAAAGGCCGAA AUCUCCU 

1295 CUGCUGA CUGAUGAGGCCGAAAGGCCGAA ACCCCUC 
1306 CAUUUCA CUGAUGAGGCCGAAAGGCCGAA AGUCUGC 
1321 UCCUCCU CUGAUGAGGCCGAAAGGCCGAA AGCCUUC 
1334 UUUAGGA CUGAUGAGGCCGAAAGGCCGAA AUGGGUU 
1344 CACUCUC CUGAUGAGGCCGAAAGGCCGAA AGCUCAU 
1351 UAACUUA CUGAUGAGGCCGAAAGGCCGAA ACAUUCA 
1353 CACCUUC CUGAUGAGGCCGAAAGGCCGAA ACCCACU 

1366 AGUUGUA CUGAUGAGGCCGAAAGGCCGAA ACUGUUA 

1367 AGGUGGG CUGAUGAGGCCGAAAGGCCGAA AGGUGCU 

1368 AGAGUGG CUGAUGAGGCCGAAAGGCCGAA ACAGUAC 
1380 CCACCCC CUGAUGAGGCCGAAAGGCCGAA AUGGGCA 
1388 AGCCACU CUGAUGAGGCCGAAAGGCCGAA AGUCUCC 
1398 GUUCUGU CtKSAUGAGGCCGAAAGGCCGAA ACAGCCA 
1402 AGUUCUC CUGAUGAGGCCGAAAGGCCGAA AAGCACA 
1408 CCUCCCC CUGAUGAGGCCGAAAGGCCGAA AUCUCGC 
1410 CCCUUCC CUGAUGAGGCCGAAAGGCCGAA AGACCUC 
1421 ACAAAAG CUGAUGAGGCCGAAAGGCCGAA AGGUGGG 
1425 CUCUACC CUGAUGAGGCCGAAAGGCCGAA AGGCAGU 
1429 CAGGGGC CUGAUGAGGCCGAAAGGCCGAA AUAGAGA 
1444 UCCUCCU CUGAUGAGGCCGAAAGGCCGAA AGCCUUC 
1455 UCCUGGU CUGAUGAGGCCGAAAGGCCGAA ACAUUCC 
1482 GGGAGCA CUGAUGAGGCCGAAAGGCCGAA AACAACU 
1484 CAUGAGG CUGAUGAGGCCGAAAGGCCGAA AGAACAG 
1493 GUUCUCA CUGAUGAGGCCGAAAGGCCGAA AGGACAG 
1500 GGACCAU CUGAUGAGGCCGAAAGGCCGAA AUUUCAU 
1503 GAAUGAU CUGAUGAGGCCGAAAC-GCCGAA AUAGUCC 
1506 CC-GUUAU CUGAUGAGGCCGAAAGGCCGAA AACAUAA 
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1509 ACACGGQ CUGAUGAGGCCGAAAGGCCGAA ADGGOAG 

1518 CGCOJGG CUGAUGAGGCCGAAAGGOZGAA ACCAUGA 

1530 CCAGAAU CUGADGAGGCCQAAAGGCCCSAA AUDADAG 

1533 GGCCCAC CUGAUGAGGCCGAAAGGCCGAA AUGACCA 

1551 AGCUGCU CXJGAUGAGGCCGAAAGGCCGAA AGGCAUG 

1559 AGGDGGG CUGAUGAGGCCGAAAGGCCGAA AGGUGCU 

1563 GGUUAUA CXjGAIJGAGGCCGAAAGGCCGAA ACADAAG 

1565 GCGGUUA CUGAUGAGGCCGAAAGGCCGAA AAACAUA 

1557 UGGCGGU CUGAUGAGGCCGAAAGGCCGAA ACRAACA 

1584 ADAUCCU CUGAUGAGGCCGAAAGGCCGAA AUCUUUC 

1592 UAACUOG CUGAUGAGGCCGAAAGGCCGAA AUAUCCU 

1599 CCUUCUG CUGAUGAGGCCGAAAGGCCGAA AACUUGU 

1651 GCUCAGG CUGAUGAGGCCGAAAGGCCGAA AGGUGGG 

1661 CAAAGGA COGAEfGAGGCCGAAAGGCCGAA AGGUUUC 

1663 UUCAAAG CUGAUGAGGCCGAAAGGCCGAA AAAGGUU 

1678 CCAGGCU CUGAUGAGGCCGAAAGGCCGAA AGGUCCU 

1680 CCAGAGG CUGAUGAGGCCGAAAGGCCGAA AGUGGCU 

1681 GCCAGAG CUGAUGAGGCCGAAAGGCCGAA AAGUGGC 
1684 ACAGCCA CUGAUGAGGCCGAAAGGCCGAA AGGAAGU 

1690 AGAUCGA CUGAUGAGGCCGAAAGGCCGAA AGUCCGG 

1691 AAGAUCG CUGAUGAGGCCGAAAGGCCGAA AAGUCCG 
1696 CCACCCC CUGAUGAGGCCGAAAGGCCGAA AUGGGCA 
1698 CUCCAGG CUGAUGAGGCCGAAAGGCCGAA AUAUCCG 
1737 GCUGGUA CUGAUGAGGCCGAAAGGCCGAA AGGUCUC 
1750 UGAGGUG CUGAUGAGGCCGAAAGGCCGAA AGCCGCC 
1756 GGGCAGG CUGAUGAGGCCGAAAGGCCGAA AGGCUUC 
1787 UGGGGAC CUGAUGAGGCCGAAAGGCCGAA AUGUCUC 
1790 AUUAGAG CUGAUGAGGCCGAAAGGCCGAA ACAAUGC 
1793 UCCAGCC CUGAUGAGGCCGAAAGGCCGAA AGGACCA 
1797 UUUAUGU CUGAUGAGGCCGAAAGGCCGAA ACUGGUG 
1802 UCUCCAG CUGAUGAGGCCGAAAGGCCGAA AUCUGGU 

1812 GGCCUGA CUGAUGAGGCCGAAAGGCCGAA AUCCAGU 

1813 UGAGGGU CUGAUGAGGCCGAAAGGCCGAA AAUGCUG 
1825 GCAGAGG CUGAUGAGGCCGAAAGGCCGAA AGCGUGG 
1337 GGAGCUA CUGAUGAGGCCGAAAGGCCGAA AGGCAUG 
1845 GGUGGCC CUGAUGAGGCCGAAAGGCCGAA AGGCUCG 
1356 AAGAUCG CUGAUGAGGCCGAAAGGCCGAA AAGUCCG 
1861 UACUGGA CUGAUGAGGCCGAAAGGCCGAA AUCAUGU 
1865 CUGAGGC CUGAUGAGGCCGAAAGGCCGAA ACAAGUG 
1868 UUUAUGU CUGAUGAGGCCGAAAGGCCGAA ACUGGUG 
1877 AGCUGCU CUGAUGAGGCCGAAAGGCCGAA AGGCAUG 
1901 GUCCCUU CUGAUGAGGCCGAAAGGCCGAA AGUUUUA 
1912 ACUGAUC CUGAUGAGGCCGAAAGGCCGAA ACUAUAU 

1922 UAACUUA CUGAUGAGGCCGAAAGGCCGAA ACAUUCA 

1923 GAUACCU CUGAUGAGGCCGAAAGGCCGAA AGCAUCA 
1928 CUGGUAA CUGAUGAGGCCGAAAGGCCGAA ACUCUAA 
1930 AGCUGGU CUGAUGAGGCCGAAAGGCCGAA AAACUCU 
1964 UGGGGAC CUaAUGAGGCCGAAAGGCCGAA AUGUCUC 
1983 UAACUUG CUGAUGAGGCCGAAAGGCCGAA AUAUCCU 
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1996 

2005 

2013 

2015 

2020 

2039 

2040 

2057 

2061 

2071 

2076 

2097 

2098 

2115 

2128 

2130 

2145 

2152 

2156 

2158 

2159 

2160 

2162 

2163 

2166 

2167 

2170 

2171 

2173 

2174 

2175 

2176 

2183 

2185 

2186 

2187 

2189 

2196 

2198 

2199 

2200 

2201 

2205 

2210 

2220 

2224 

2226 

2233 

2242 



GGCUCAG 
GGUCCGC 
UACDCAA 
CCACCCC 
CUCAGAA 
CCUCUGC 
CCUCCAG 
GGAUGUG 
ACACGGU 
CaGAGGC 
UAGCUCU 
CAUCAAG 
CGGGGGG 
AUCCUCC 
CUCAAUA 
GAGGCAG 
CAUCAAG 
AAOJCUA 
UAAUAAA 
AUUAAUA 
AAC7UAAU 
AAADUAA 
CUAAAUU 
AAUUAAU 
AAUAGAG 
AAUUAAU 
CUAAAUU 
GGGAGCA 
CUGGUAA 
GCUGGUA 
AGCUGGU 
UAGCUGG 
CAAUAAA 
CUCAAUA 
ACUCAAU 
UACUCAA 
GGUACUC 
CAUCAAG 
AACAUAA 
AUAAACA 
CUUGCAU 
GCCGACA 
UCAGGCC 
AGCCACU 
AGAGAAC 
GGAUGGA 
GCGGCCU 
CCUCCAG 
GGUCCGC 



CUGAUGAGGCCGAAAGGCCGAA 
CUGAUGAGGCCGAAAGGCCGAA 
CUGAUGAGGCCGAAAGGCCGAA 



CUGAUGAGGCCGAAAGGCCGAA 
CUGAUGAGGCCGAAAGGCCGAA 
CUGAUGAGGCCGAAAGGCCGAA 
CUGAUGAGGCCGAAAGGCCGAA 
CUGAUGAGGCCGAAAGC-CCGAA 
CUGAUGAGGCCGAAAGGCCGAA 
CUGAUGAGGCCGAAAGGCCGAA 
CUGAUGAGGCCGAAAGGCCGAA 
CUGAUGAGGCCGAAAGGCCGAA 
CUGAUGAGGCCGAAAGGCCGAA 
CUGAUGAGGCCGAAAGGCCGAA 
CUGAUGAGGCCGAAAGGCCGAA 
CUGAUGAGGCCGAAAGGCCGAA 
CUGAUGAGGCCGAAAGGCCGAA 
CUGAUGAGGCCGAAAGGCCGAA 
CUGAUGAGGCCGAAAGGCCGAA 
CUGAUGAGGCCGAAAGGCCGAA 
CUGAUGAGGCCGAAAGGCCGAA 
CUGAUGAGGCCGAAAGGCCGAA 
CUGAUGAGGCCGAAAGGCCGAA 
CUGAUGAGGCCGAAAGGCCGAA 
CUGAUGAGGCCGAAAGGCCGAA 
CUGAUGAGGCCGAAAGGCCGAA 
CUGAUGAGGCCGAAAGGCCGAA 
CUGAUGAGGCCGAAAGGCCGAA 
CUGAUGAGGCCGAAAGGCCGAA 
CtXSAUGAGGCCGAAAGGCCGAA 
CUGAUGAGGCCGAAAGGCCGAA 
CUGAUGAGGCCGAAAGGCCGAA 
CUGAUGAGGCCGAAAGGCCGAA 
CUGAUGAGGCCGAAAGGCCGAA 
CUGAUGAGGCCGAAAGGCCGAA 
CUGAUGAGGCCGAAAGGCCGAA 
CUGAUGAGGCCGAAAGGCCGAA 
CUGAUGAGGCCGAAAGGCCGAJV 
CUGAUGAGGCCGAAAGGCCGAA 
CUGAUGAGGCCGAAAGGCCGAA 
CUGAUGAGGCCGAAAGGCCGAA 
CUGAUGAGGCCGAAAGGCCGAA 
CUGAUGAGGCCGAAAGGCCGAA 
CUGAUGAGGCCGAAAGGCCGAA 
CUGAUGAGGCCGAAAGGCCGAA 
CUGAUGAGGCCGAAAGGCCGAA 
CUGAUGAGGCCGAAAGGCCGAA 



CUaAUGAGGCCa=LAAGGCCGAA 
CUGAUGAGC<:CGAAAGGCCGAA 



AUCUCCU 
AGCUCCA 
AAAUT^GC 
AUGGGCA 
AACCACC 
AGCCAGC 
AGGUeAG 
AGGAGCA 
AUGGUAG 
ACAAGUG 
AGGCUAC 
AGAGUUG 
AAGUGUG 
AGCUGGC 
AUAGCUG 
AAACAGG 
AGAGUUG 
AUUAAUA 
ACAUCAA 
AUACAUC 
AAUACAU 
AAAUACA 
AUAAAUA 
AAUACAU 
AUGAAGU 
AAUACAU 
AUAAAUA 
AACAACU 
ACUCUAA 
AACUCUA 
AAACUCU 
AAAACUC 
AGCUGGU 
AUAGCUG 
AAUAGCU 
AAAUAGC 
AUAAAUA 
AGAGUUG 
AGGCUGC 
AAGAGGC 
A.GGAAGA 
AAAACUU 
ACAUAAA 
AGUCUCC 
AUGCCAG 
ACCUGAG 
A.GAUCCA 
AGGUCAG 
AGCUCO. 



SUBSTITUTE SHEET (RULE 26) 




wo 95/23225 PCTyiB95/00156 

195 



2248 UGGGAUG COGAUGAGGCCGAAAGGCCGAA AUGGAUA 

2254 UCAGUGU COGADGAGGCCGAAAGGCCGAA AAUUGGA 

2259 CACCGUG CUGADGAGGCCGAAAGGCCGAA AUGDGAU 

2260 GCACCGU CUGAUGAGGCCGAAAGGCCGAA AAUGUGA 
2266 UCCUGGU CUGAUGAGGCCGAAAGGCCGAA ACAUUCC 
2274 UCUCOVG CUGAUGAGGCCGAAAGGCCGAA AUCUGGQ 
2279 CUOGCAC CUGADGAGGCCGAAAGGCCGAA ACCCUUC 
2282 CAGCUCA OJGAUGAGGCCGAAAGGCCGAA ACAGCUU 
2288 AGGCCA.U CUGAOGAGGCCGA?^AGGCCGAA ACUOAUA 
2291 AGGAGAG CUGADGAGGCCGAAAGGCCXSAA ACCACUG 
2321 CCCADGU CXIGADGAGGCCGAAAGGCCGAA AUCUUUC 

2338 CAGGCAG CDGADQAGGCCGAAAGGCCGAA AGUCUCA 

2339 CAAAGGA CUGAUGAGGCCGAAAGGCCGAA AGGOUUC 
2341 AGGCUGG CUGADGAGGCCGAAAGGCCGAA AGAGGUC 
2344 GCtJGGAA CUGAUGAGGCCGAAAGGCCGAA AUCGAAA 

2358 CUGCUGA CUGAUGAGGCCGAAAGGCCGAA AGCUGGG 

2359 UCUGUUC CUGAtJGAGGCCGAAAGGCCGAA AAAGCAG 

2360 UUCAAAG CUGAUGAGGCCGAAAGGCCGAA AAAGGUU 

2376 UCAGAAG CUGAXXSAGGCCGAAAGGCCGAA ACCACCU 

2377 CUCAGAA CUGAUGAGGCCGAAAGGCCGAA AACCACC 

2378 CAGUAGA CUGAUGAGGCCGAAAGGCCGAA AAACCCU 

2379 CUUAUGA CUGAUGAGGCCGAAAGGCCGAA AAAAGCA 

2380 GCCGACA CUGAUGAGGCCGAAAGGCCGAA AAAACUU 
2382 GGGGCAA CUGAUGAGGCCGAAAGGCCGAA AGAGAAU 
2384 UUGUGUC CUGAUGAGGCCGAAAGGCCGAA ACUGGAU 
2399 GUCCACA CUGAUGAGGCCGAAAGGCCGAA AGUGUUU 
2401 CAGCUCA CUGAUGAGGCCGAAAGGCCGAA ACAGCUU 
2411 GCAUCCU CUGAUGAGGCCGAAAGGCCGAA ACCAGUA 

2417 ACGUAUG CUGAUGAGGCCGAAAGGCCGAA ACCAUUC 

2418 GGCCUGA CUGACK3AGGCCGAAAGGCCGAA AUCCAGU 

2425 AACCCUC CUGAUGAGGCCGAAAGGCCGAA ACCCAUG 

2426 AAACUCU CUGAUGAGGCCGAAAGGCCGAA AAUUAAU 

2433 GCUGGUA CUGAUGAGGCCGAAAGGCCGAA AACUCUA 

2434 AGCUGGU CUGAUGAGGCCGAAAGGCCGAA AAACUCU 

2448 GGGCAGG CUGAUGAGGCCGAAAGGCCGAA AGGCUUC 

2449 GGGGCAG CUGAUGAGGCCGAAAGGCCGAA AAGGCUU 
2451 AGGCAGG CUGAUGAGGCCGAAAGGCCGAA AACAGGC 
.2452 GAGGCAG CUGAUGAGGCCGAAAGGCCGAA AAACAGG 
2455 GGGCAGG CUGAUGAGGCCGAAAGGCCGAA AGGCUUC 

2459 GGGGGGG CUGAUGAGGCCGAAAGGCCGAA AGUGUGG 

2460 CGGGGGG CUGAUGAGGCCGAAAGGCCGAA AAGUGUG 

2479 GCUGGUA CUGAUGAGGCCGAAAGGCCGAA AGGUCUC 

2480 GGAUCAC CUGAUGAGGCCGAAAGGCCGAA ACGGUGA 

2483 GGUGGCU CUGAUGAGGCCGAAAGGCCGAA ACAUUGG 

2484 GACUGGU CUGAUGAGGCCGAAAGGCCGA-A AAAAAAG 
2492 AGGUGGG CUGAUGAGGCCGAAAGGCCGAA AGGUGCU 
2504 ACAAAAG CUGAUGAGGCCGAAAC-GCCGAA AGGUGGG 

2508 UGGGAUG CUGAUGAGGCCGAAAGGCCGAA AUGGAUA. 

2509 CUGGUAA CUGAUGAGGCCGAAAC-GCCGAA AOJCUAA 
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2510 GCUGGUA CUGAUGAGGCCGAAAGGCCGAA AACUCUA 

2520 CAUUGGG COGAUGAGGCCGAAAGGCCGAA ACAAAAG 

2521 tIGAGGGU CUGAUGAGGCXTGAAAGGCCGAA AAUGCCG 
2533 GAUACCU OJGAUGAGGCCGAAAGGCCGAA AGCAUCA 
2540 CACAGCG COGAUGAGGCCGAAAGGCCGAA ACUGCDG 
2545 AGGACCA CUGAUGAGGCCGAAAGGCCGAA ACAGCAC 
2568 UUUGACA COGAUGAGGCCGAAAGGCCGAA ACUDCAC 
2579 CAGGCCA CUGAUGAGGCCGAAAGGCCGAA AACUDAU 
2585 AGAGAJVC CUGAUGAGGCCGAAAGGCCGAA AUGCCAG 
2588 AUUAGAG CUGAUGAGGCCGAAAGGCCGAA ACAAUGC 
2591 AGGAGCA CUGAUGAGGCCGAAAGGCCGAA AGAACCA 
2593 GCAGAGC CUGAUGAGGCCGAAAGGCCGAA AJ^AGAAG 
2596 CAUUGGG CUGAUGAGGCCGAAAGGCCGAA ACAAAAG 

2601 AAACGAA CUGAUGAGGCCGAAAGGCCGAA ACACGGU 

2602 GGGAOGG CUGAUGAGGCCGAAAGGCCGAA AGCUGGA 

2607 CCAGGUA CUGAUGAGGCCGAAAGGCCGAA ADCCGAG 

2608 CACAGCG CUGAUGAGGCCGAAAGGCCGAA ACUGCUG 

2609 UCCUGGU CUGAUGAGGCCGAAAGGCCGAA ACAUUCC 
2620 GCAGGGU CUGAUGAGGCCGAAAGGCCGAA AGGUCCU 
2626 GCUGGAA CUGAUGAGGCCGAAAGGCCGAA AUCGAAA 
2628 AGGCUAC CUGAUGAGGCCGAAAGGCCGAA AGUGUGC 
2635 AGGACCG CUGAUGAGGCCGAAAGGCCGAA AGCUGAA 

2640 GGCAGGA CUGAUGAGGCCGAAAGGCCGAA ACAGGCC 

2641 CUGCUGA CUGAUGAGGCCGAAAGGCCGAA AGCUGGG 

2642 GAGGCAG CUGAUGAGGCCGAAAGGCCGAA AAACAGG 
2653 GCAUCCU CUGAUGAGGCCGAAAGGCCGAA ACCAGUA 
2659 CUUGCAC CUGAUGAGGCCGAAAGGCCGAA ACCCUUC 
2689 CCUCGGA CUGAUGAGGCCGAAAGGCCGAA AaAUUAG 
2691 GGCCUCG CUGAUGAGGCCGAAAGGCCGAA AGACAUU 
2700 GGGCAC-G CUGAUGAGGCCGAAAGGCCGAA AGGCUUC 
2704 A.GGCUGG CUGAUGAGGCCGAAAGGCCGAA AGAGGUC 

2711 CUGCUGA CUGAUGAGGCCGAAAGGCCGAA AGCUGGG 

2712 CCCUUCC CUGAUGAGGCCGAAAGGCCGAA AGACCUC 
2721 CUUGCAC CUGAUGAGGCCGAAAGGCCGAA ACCCUUC 
2724 GCACACG CUGAUGAGGCCGAAAGGCCGAA AUGUACC 
2744 CUGCACG CUGAUGAGGCCGAAAGGCCGAA ACCCACC 
2750 GGUACUC CUGAUGAGGCCGAAAGGCCGAA AUAAAUA 
2759 AGAUCGA CUGAUGAGGCCGAAAGGCCGAA AGUCCGG 
2761 GCAGGGU CUGAUGAGGCCGAAAGGCCGAA AGGUCCU 
2765 AGCGGCA CUGAUGAGGCCGAAAGGCCGAA AGCAAAA 
2769 CCUGUUU CUGAUGAGGCCGAAAGGCCGAA ACAGACU 
2797 GGACCAU CUGAUGAGGCCGAAAGGCCGAA AUUUCAU 

2803 CGCCUGG CUGAUGAGGCCGAAAGGCCGAA ACCAUGA 

2804 CUGCACG CUGAUGAGGCCGAAAGGCCGAA ACCCACC 
2813 GGGUCAG CUGAUGAGGCCGAAAGGCCGAA ACCGGAG 
2815 AAAGUUG CUGAUGAGC-CCGAAAGGCCGAA AGACUGU 
2821 CCUCCAG CUGAUGAGGCCGAAAGGCCGAA AGGUCAG 

2322 AAGUCCG CUGAUGAC-C-CCa^^iAC-GCCGAA AGC-CUCC 

2323 UGGGAGC CUGAUGAC-GCCGAAAGGCCGAA AAAGGCA 
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2829 AUGAUUA CUGAUGAGGCCGAAAGGCCGAA AGUCCAG 

2837 UCAGAAG CUGAUGAGGCCGAAAGGCCGAA ACCACCU 

2840 CAGGCAG CUGAUGAGGCCGAAAGGCCGAA AGUCUCA 

2847 GGUGGCU CUGAUGAGGCCGAAAGGCCGAA ACAUUGG 

2853 AACAUAA CUGAUGAGGCCGAAAGGCCGAA AC-GCUGC 

2860 UCACAGU CUGAUGAGGCCGAAAGGCCGAA ACUUGGC 

2872 CUUGGCU CUGAUGAGGCCGAAAGGCCGAA AAGGUCC 

2877 GUGAUGG CUGAUGAGGCCGAAAGGCCGAA AGCGGAA 

2899 AAGAUCG CUGAUGAGGCCGAAAGGCCGAA AAGUCCG 

2900 AAAACUC CUGAUGAGGCCGAAAGGCCGAA AAAUUAA 

2904 AAUAGAG CUGAUGAGGCCGAAAGGCCGAA AUGAAGU 

2905 CAAUAGA CUGAUGAGGCCGAAAGGCCGAA AAUGAAG 

2906 UAAUAAA CUGAUGAGGCCGAAAGGCCGAA ACAUCAA 

2907 AAAUUAA CUGAUGAGGCCGAAAGGCCGAA AAAUACA 

2908 AGCAAAA CUGAUGAGGCCGAAAGGCCGAA AAGCUUC 

2909 AGAGCAA CUGAUGAGGCCGAAAGGCCGAA AGAAGCU 

2910 AAAUUAA CUGAUGAGGCCGAAAGGCCGAA AAAUACA 

2911 AAAUUAA CUGAUGAGGCCGAAAGGCCGAA AAAUACA 

2912 GACAUUA CUGAUGAGGCCGAAAGGCCGAA AGAACAA 

2913 UGACCAG CUGAUGAGGCCGAAAGGCCGAA AGAGAAA 

2914 CUUAUGA CUGAUGAGGCCGAAAGGCCGAA AAAAGCA 

2915 UCUAAAU CUGAUGAGGCCGAAAGGCCGAA AAUAAAU 

2916 CUCCGGA CUGAUGAGGCCGAAAGGCCGAA ACGAAUA 

2917 UCUCCGG CUGAUGAGGCCGAAAGGCCGAA AACGAAU 

2918 CUCUCCG CUGAUGAGGCCGAAAGGCCGAA AAACGAA 

2919 CGACCCU CUGAUGAGGCCGAAAGGCCGAA AUGAGAA 
2931 CUUCCGA CUGAUGAGGCCGAAAGGCCGAA ACCUCCA 
2933 CCCUUCC CUGAUGAGGCCGAAAGGCCGAA AGACCUC 
2941 UGGGGAC CUGAUGAGGCCGAAAGGCCGAA AUGUCUC 

2951 GCAGAGG CUGAUGAGGCCGAAAGGCCGAA AGCGUGG 

2952 CACAGCG CUGAUGAGGCCGAAAGGCCGAA ACUGCUG 

2955 UGACACA CUGAUGAGGCCGAAAGGCCGAA AGUCACU 

2956 UUGAUUC CUGAUGAGGCCGAAAGGCCGAA AAGGAAA 

2961 AGUGGCU CUGAUGAGGCCGAAAGGCCGAA ACACAGA 

2962 AAUUAAU CUGAUGAGGCCGAAAGGCCGAA AAUACAU 
2965 CUUUAUU CUGAUGAGGCCGAAAGGCCGAA AUUCAAA 
2965 CCUCUGC CUGAUGAGGCCGAAAGGCCGAA AGCCAGC 
2969 AAAACUU CUGAUGAGGCCGAAAGGCCGAA AUUGAUU 

2975 GCUGGUA CUGAUGAGGCCGAAAGGCCGAA AACUCUA 

2976 AGUAGAG CUGAUGAGGCCGAAAGGCCGAA AACCCUC 

2977 CAGCUCA CUGAUGAGGCCGAAAGGCCGAA ACAGCUU 
2979 GGCAAUA CUGAUGAGGCCGAAAGGCCGAA AGAAUGA 
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Table 9: Rat ICAM HH Ribozyme Target Sequence 



nt . 


HH Taxget secjuence 


nt • 


Position 




Position 




GAUCCAAU U CACACUGA 


394 


23 


GCXIGACUU C CUtJCDCUA 


420 


26 


GAACDGCU C UUCCOCUU 


425 


31 


CCUCOGCa C CUGGDCCt; 


427 


34 


CUGAAGCU C AGAUACaC 


450 


40 


CUCAAGGU A CAAGCCCX: 


451 


48 


GAGAACCD C GGCCUGGG 


456 


54 


CCCCGCOJ C CCUGAGCC 


495 


58 


CCGOGCCU U X3AGCDCCC 


510 


64 


CAAUGGCXJ V CAACCCGU 


564 


96 


CCUCUGCa C CUGGUCCU 


592 


102 


CUCCUGGa C COGGOCGC 


607 


108 


GGACUGCa U GGGGAACa 


608 


115 


0CCUACCa U UGOUCCCA 


609 


119 


GACACtJGU C CCCAACUC - 


611 


120 


GDUGUGAU C CCCGGGCC 


656 


146 


CCAGACCU U GGAACUCC 


657 


152 


ACCCGGCU C CACCDCAA 


668 


158 


AUUUCUUU C ACGAGdCA 


677 


165 


^3GAACAGU A CXOTCXXZC 


684 


168 


GAAGCCOU C CDGCCOCG 


692 


185 


GGGUGGAXJ C CGOGCAGG 


693 


209 


CAGCXXXXr A ADCOGACC 


696 


227 


GACCAAGU A ACDGOGAA 


709 


230 


CAAGCOGa V GUGGGAGG 


720 


237 


CUGAAGCU C GACACCCC 


723 


248 


GGCCCCCU A CCUUAGGA 


735 


253 


CACUGCCU C AGUGGAGG 


738 


263 


GAGCCAAU U UCUCADGC 


765 


267 


GAAGCCOU C CUGCCUCG 


769 


293 


GAAGCGCU U CAAGCUGA 


770 


319 


CGGAGGAU C ACAAACGA 


785 


335 


ACUGOGCU U UGAGAACU 


786 


337 


UGUGCUAU A UGGUCCUC 


792 


338 


AAGCUCUU C AAGCUGAG 


794 


359 


CACGCAGU C CUCGGCUU 


807 


367 


CAAUGGCU U CAACCCGU 


833 


374 


UUACCCCU C ACCCACCU 


846 


375 


AGAAGCCU U CCUGCCUC 


851 


378 


ACCCACCU C ACAGGGOA 


863 


386 


CGCUGUGU U UUGGAGCU 


866 



Target 5eq[uencc 



GoGGUGCU 
GCACCCCU 
CCUCGGCU 
UCCCCGUU 
AAGAACCU 
GGGUACUU 
CUCGGCUU 
GCCACCAU 
GUGCUGCU 
GAAAAUGU U 
GGGAGOAU C 
GAGCCAAU 
AGCCAAUU 
GCCAAUUU 
CAAUUUCU 
GUCACUGU 
UCACUGUU 
GAACUGCU 
GCACCCCU 
AGGCAGCU 
CCAGACCU 
CGGACUUU C 
GCCOGUUU C 
CAGCAUUU A 
CUACAACU U 
CAACUUUU C 
CUCCUGGU C 
UCCUGCCU C 
ACUGUGCU U 
UCUUGUGU U 
CUUGUGUU C 
AGGCCUGU U 
GGCCUGUU U 
CUCCUGGU C 
UCCUGCCU C 
GCUCAGAU A 
CCUGGGGU U 
CUGACAGU U 
GCUCACCU U 
CAAUGGCU U 
CCAUGCUU C 



CUGAACAG 
CCAGCGCA 
CUGCCACC 
AAAAACCA 
AUCCUGCG 
CCCCAGGC 
UGCCACCA 
ACOGUGUA 
CGUGGGAA 
CCAACCAC 
ACCAGGGA 
UCUCAUGC 
CCCAUGCU 
CCAUGCUU 
AUGCUUCA 
CAAGAAUG 
AAGAACGU 
UUCCUCUU 
CCAGCGCA 
CGGACUUU 
GGAACUCC 
GADCUUCC 
CCGCCUCU 
CCCCUCAC 
UUCAGCUC 
AGCUCCCA 
OjGGUCGC 
GGGGUGGA 
UGAGAACU 
CCCUGGAA 
CCUGGAAG 
UCCUGCCU 
CCUGCCUC 
CUGGUCGC 
UGAAGCUC 
UXCCUGGA 
GGAGACUA 
AUUUAUUG 
UAGCAGCU 
CAACCCGU 
CUCUGACA 
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867 
869 
881 
885 
933 
936 
978 
980 
986 
987 
988 
1005 
1006 
1023 
1025 
1066 
1092 
1093 
1125 
1163 
1164 
1166 
1172 
1200 
1201 
1203 
1227 
1228 
1233 
1238 
1264 
1267 
1294 
1295 
1306 
1321 
1334 
1344 
1351 
1353 
1366 
1367 
1368 
1380 
1388 
1398 
1402 
1408 
1410 



GACCACCa C CCCACCDR 
CaCDUCCD C UGGCGAAG 
AAjUGGCOtJ C AACCCGCG 
GACCAAGC; A ACU3UGAA 
DGUGUADD C GOUCCCAG 
GCAGAGAU U UDGDGOCA 
UUGAGAAU C UACAACUU 
A CAACODCU 
U UOC3W3CUC 
U OCAGOJCC 
U CAGCDCCC 
C GDGGCGOC 
A UCACCAGG 
C UCAGAAGG 
C AGAAGGGG 
U GDDCCXAA 
C tJCAGCAGA 
C CAI3CCCCU 
C UUGODGAU 
U CuuuuGCtJ 
C X3DDUGCUC 
ACGCUUCU U DUGCDCUG 
CUUUUGCU C TOCGGCOCT 
C ACACDGAA 
C X7CCACRGG 
C CACAGGUC 
C CSVUGDGCa 
C GUGADCGa 
C COGGDCGC 
A OGGUCCDC 
C ADACGGGU 
GOCACDGa U CAAGAADG 
CAGAGADU U DGDGUCAG 
AGAGGGGU C UCAGCAGA 
AGCAGACa C UUACADGC 
AACAGAGU C UtSGGGAAA 
GUAUUCGU U CCCAGAGC 
UCGGUGCa C AGGUADCC 
UCAGGCCU A AGAGGACtJ 
^^AGCAGCU C AACAADGG 
AGGGOACa U CCXXCAGG 
GGGUACUU C CCCCAGGC 
GADGGUGU C CCGCUGCC 
CUGCCUAU C GGGAUGGU 
UGGAGACa A AOJGGADG 
CUGGCUGO C ACAGGACA 
CUGIXSCUU V GAGAACDG 
UUCGUGAU C GDGGCGaC 
CGAACUAU C GAGUGGAC 



GAGAADCU 

CUACAAOT 

UACAACUD 

ACAACUUU 

DUCGOGAU 

GOGGGAGU 

CCGGAGGU 

GGAGGUCU 

CCUACCDU 

AGAGGGGD 

AGGGGAAU 

CCCCAACU 

ACGACGCa 

CGACGCUU 



AUCCAADU 
UUGGGCUD 
GGGC UUCU 
UUGGAACU 
GCGGGCUU 
CUCCOGGCJ 
roOGCOAU 
GGAAAGAU 



1421 

1425 

1429 

1444 

1455 

1482 

1484 

1493 

1500 

1503 

1506 

1509 

1518 

1530 

1533 

1551 

1559 

1563 

1565 

1567 

1584 

1592 

1599 

1651 

1661 

1663 

1678 

1680 

1681 

1684 

1690 

1691 

1696 

1698 

1737 

1750 

1756 

1787 

1790 

1793 

1797 

1802 

1812 

1813 

1825 

1837 

1845 

1856 

1861 



C 

c 
c 
a 
c 
c 
u 

A 



GGGOACUU C 
ACCCACOJ C 
AUACCJOGU A 
AGAAGGCU C 
GGGAGOAU C 
AGGGOACU V 
ACUGCOCU U 
' CCUGGGGU U 
CGUGAAAU U 
GAAAAUGD U 
CGGGOCAU A 
GCCACCA0 
GUCCUGGU 
ACCUGGGa 
CUGADCAU 
GDGGCCOJ 
DGGGAAGU 
UCCUACCD 
UUACACCa 
ACACCUAD U 
AGGAAGAD C 
CAGGADAU A 
UACAAGUa A 

crcoGccu c 

CUGCACUU 

GAACAGAU 

GAGAACCa 

GGGCUUCU 

GGCCDGUU 

CUGCDCGU 

CCCXACCa 

CCGGACUa 

CDCCOGGU 

UCAGAnAD A 

GAUCACAU U 
GUCCADUU A 
CCUCUGCa 
GAGAACCU 
GACACDGU 
ADGGaCCU 
UCCCOGDU 
GCUCAGAU 
AACAGAGU 
GCGGGCUU 
GCCACCAU 
ACCCACCU 
AGAGGACU 
CCCCUAAU 



U 
C 
C 
C 

u 

A 
A 
U 
C 



C 
C 

c 
c 
u 

A 

c 
c 
c 
c 
c 
c 



CAUGUGCU A 



CCCCAGGC 
CUCUGGCU 
GCCUCAGG 
AGGAGGAG 
ACCAGGGA 
CCCCCAGG 
CCUCUUGC 
GGAGACUA 
AUGGUCAA 
CCAACCAC 
AUUGUUGG 
ACUGUGUA 
GCCGUUGU 
AUAAUUGU 
GCGGGCUU 
DGCUCGOA 
CCUGUUUA 
tJGUUCCCA 
UUACCGCC 
ACCGCCAG 
AGGAUAUA 
CAAGUUAC 
CAGAAGGC 
CCUGAGCC 
GCCCUGGU 
AAUGGACA 
GGCCUGGG 
CACAGGUC 
CXXIGCCUC 
GACCUCUC 
CAUACAUU 
CGAUCUUC 
COGGUCGC 
CCUGGAGA 
CACGGUGC 
CACCUAUU 
CUGGUCCU 
GGCCUGGG 
CCCAACUC 
ACCUGGAC 
AAAAACCA 
UACCUGGA 
UGGGGAAA 
GUGAUCGU 
ACUGUGUA 
ACAGGGUA 
GGAGGGGC 
UGACCUGC 
UAUGGUCC 
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1865 




o o 
^±3o 


1863 






1877 






1901 






1912 






1922 






1923 






1928 






1930 






1964 


AGAGACCU U GCGDCAGC 




1983 






1996 




2248 


2005 


ATTr^T 731 a^3T TT ^Trnnry^Ts 


2254 


2013 




2259 






2260 




LLftJULK^ALjU A CCCDGUAC 


2266 


70*^^ 

« WW 7 


UjuAJQGAu c acaaacga. 


2274 




CCCGACCtJ C CUGGAGGvJ 


2279 




CDGGUCCnJ C CAAUGGCQ 


2282 




Gs-GUCCAu U X3ACACCUA 


2288 


7071 


AOACUCGU A GdCtJCAGG 


2291 


^ ^ / o 


UGuaGCCuT C AGGCCOAA 


2321 




^^^^^ ^ ^T^^^^T f*^ _ TTT T ~- "■■ * ^jHLi ■ 

Q.«.^UVCUCU U GuUGAUGU 


2338 


■?OOfl 


Cw'UGACCtJ C CUGGAGGU 


2339 




CUCCGACD" A GGGUCCUG 


2341 




AGOGCDoU A CCAUGACJC 


2344 




GCCUGCUU C CUGCCUCtJ 


2358 




CCAACUCU U GOUGADGa 


2359 


7T 


X3UGAGAAU C UACAACUU 


2360 




UGACAGCCT A UDUAODGA 


2376 


^l3o 


UGAUGUAU D UAUDAACU 


2377 


•51 CO 


GAUGOAiro' TJ ADUAAUDC 


2378 




AOGUADUU A UUAAUDCA 


2379 




ACAUUCCU A CCXJUUGUU 


2380 




UAUUOADU A AUDCAGAG 


2382 


2166 


u ijLrt-u ltU Au u UAuuaAuU 


2384 


2167 


GAUGUaUU U AUUAAUUC 


2399 


2170 


GUADUUAU U AAUUCAGA 


2401 


2171 


CAGOUAUU U AUCGAGOA 


2411 


2173 


UGUGCOAU A UGGUCCUC 


2417 


2174 


UCUCUAUU A CCCCUGCU 


2418 


2175 


AUUaCUUU C ACGAGQCA 


2425 


2176 


GAAAAUGU U CCAACCAC 


2426 


2183 


UGACAGUU A UUUAUUGA 


2433 


2185 


ACAGUUAU U UAUUGAGU 


2434 


2186 


CAGUOAmj U AUUGAGUA 


2448 


2187 


AGUUAUtja A UUGAGUAC 


2449 


2189 


UUAUUUAU U GAGUACCC 


2451 


2196 


CUGACAGU U AUUUAUUG 


2452 



GAAUGUCU 
AGACUCDU 
GGGOACUU 
GGGCOUCU 
UOUUGDGU 
CGGAGACU 
GAGAACCa 
ACAUACAU 
CUGGACCU 
UCAUGCDU 
ACACAGCU 
OJCaJGGU 
AUCCAADU 



CGAGGuCA 
CAUGCCAG 
CCCXAGGC 
CACAGGUC 
AGCCACCG 
ACUSGAUG 
GGCCCGGG 
CXrUACCCU 
AGGCCACA 
ACAGAACU 
UOjGOAGa 
CCGGUCGC 
ACACDGAA 



GAUCACAU U CACGGCGC 
AUCACADU C ACGGOGCU 
ADCAGGAU A UACAAGUU 
O 
C 

ACAGOTAU U UADTCAGU 
GCCCUGGU C CUCCAADG 
A 
C 
C 

c 
c 

A 

c 
c 
c 
c 
u 
c 
c 
u 
c 

A 
A 
A 
C 
A 
C 

UUAUUAAU U CAGAGDUC 
CCUGGGGU U GGAGACUA 
UCAGAGUU C UGACAGDU 
CGGAGGAU C ACAAACGA 
UGAACAGU A CUQCCCCC 
GAAGCCUU C CUGCCUCG 
GGCCUGUU U CCUGCCaC 
GCCUGUUU C CUGCOJCU 



GAGCAGGU 
GGAAAGAU 



CAGGAUAU 
GGAAAGAU 
UUGGGCDU 
GGGOACUU 
GGGCCUGU 
CUGCaCGU 

ccoj-Gcca 

CCADCCAU 

CUUGCGUU 

GAACUGOJ 

GACUUCOJ 

GCUGADUU 

CUGCDCUU 

UGAUUUCO 

AUUUCUUU 

UADCCGGU 

UAAAUAOJ 

UGUGCDAU 

CAAUUUCU 

ADCAGGAU 

UCADGCUU 



AACADGUA 
AtlACGGGU 



CAAGUOAC 
AUACGGGU 
UCCACAGG 
CCCCAGGC 
GGUGOJCA 
GACCDCUC 
CUCCCACA 
CCACAGAA 
CCDGGAAG 

uuccurou 

CUCOADtJA 
UUUCACGA 
CUCUUGCG 
UCACGAGU 
ACGAGUCA 
GACACAAG 
UGDGGACG 
UGGOCCGC 
AXJGCDOCA 
UACAAGDU 
ACAGAACU 



SUBSTITUTE SHEET (RULE 26) 



wo 95/23225 



PCT/IB95/00156 



204 



2455 ACADUCCU A CCUUUGUU 

2459 CCCDGCCU C OJCCCACA 

2460 CCUACCDU U GUUCCCAA 

2479 UUACACOJ A U0ACCC3CC 

2480 GUaSCCGa U GUGADCCC 

2483 ACCUUUGa U CCCAADGU 

2484 CCOUUGOU C CCAADGDC 
2492 GACCACCa C CCCACCUA 
2504 ACCOACAa A CAUDCCOA 

2508 ACADACAU U CCOACCUU 

2509 CAUACAUU C CUACCDUU 

2510 GUCCAnCU A CACCUAUU 

2520 ACCUUUGU U CCCAADGD 

2521 CCUDUGDU C CCAAUGUC 
2533 ACAGCADU U ACCCOTCA 
2540 DCGGUGOJ C AGGORDCC 
2545 AGGCAGCa C CGGACOCfU 
2563 CAGAGADU U tJGUGDCAG 
2579 CCDGCACa U DGCCCUGG 
2585 CUGCaCGU A GACCDCUC 
2588 DGCCaCCa C CCACAGCC 
2591 CUCUUCCa C CTOGCGAAG 
2593 UCUCUADU A CCCOJSaj 
2596 CUCCOGGa C CUSGUCGC 

2601 UGUGCUAU A DGGUCCUC 

2602 GUCCUGGU C GCCGOOGU 

2607 GOGGGAGU A UCACCAGG 

2608 CroOAGCa C CCGDGGGA 

2609 UGGAGACU A ACDGGADG 
2620 DCAGAGUU C nGACAGUa 
2626 CUCDCAGU A GOGCU GCU 
2628 XJACAACDa U DCAGCUCC 
2635 UCACAGAD C CAAXTOCAC 

2640 GCDCAGGD A UCCAUCCA 

2641 CCCCACX::U A CAIIACADa 

2642 GCCUGDDU C CUGCCUCXJ 
2653 CCACAGGU C AGGGUGCU 
2659 AGAAGGGU C CDGCAAGC 
2689 ACOAGGGU C CUGAAGOJ 
2691 UCAGGCCU A AGAGGAdJ 
2700 AGGGUACU U CCCCCAGG 
2704 GACCACCU C CCCACCUA 

2711 CCCUACCa U AGGAAGGU 

2712 CCOACCUU A GGAAGGUG 
2721 GGAAAGAU C AUACGGGU 
2724 AAGAUCAD A CGGGUUUG 
2744 GGGUGGAU C CGUGCAGG 
2750 GUCCCUGU U UAAAAACC 
2759 GACGAACU A UCGAGUGG 



2761 

2765 

2769 

2797 

2803 

2804 

2813 

2815 

2821 

2822 

2823 

2829 

2837 

2840 

2847 

2853 

2860 

2872 

2877 

2899 

2900 

2904 

2905 

2906 

2907 

2908 

2909 

2910 

2911 

2912 

2913 

2914 

2915 

2916 

2917 

2918 

2919 

2931 

2933 

2941 

2951 

2952 

2955 

2956 

2961 

2962 

2965 

2966 

2969 



CGGACOUU C GAUCUUCC 
CUUUUGCU C UGCGGCCU 
UUCUCOAU U ACCCCUGC 
CGUGAAAU U AUGGUCAA 
CUCAUGCU Cr CACAGAAC 
UCAUGCUU C ACAGAACU 
GCUCCCAU C CUGACCCU 
CGGACUUD C GAUCUUCC 
CCDGACCU C CUGGAGGU 
UACAACUU U CCAGCUCC 
CAACUUUU C AGCUCCCA 
UCGGUGCU C AGGUAUCC 
CACAGGGU A CUUCCCCC 
GCACCCCU C CCAGCGCA 
UUACCCCU C ACCCACCU 
UUCGAUCU U CCGACOAG 
^^^"^^^^^^"SUGU U CCCUGGAA 
GGGCCUGU C GGUGCUCA 
U"SGAGUCU C CCAGCACC 
AGGCAGCU C CGGACOUU 
GGCOGACU U CCUUCUCU 
GAACUGCU C UUCCUCUU 
GGCUGACU U CCUUCUCU 
GUUGAUGU A UUUAUOAA 
CUGCUCUU C CUCUUGCG 
U'SADGOAU V UAUUAAUU 
GAACOGCU C UUCCUCUU 
ACUUCCUU C UCOAUOAC 
OUCCOUCU C UAUUACCC 
AUGUAUUU A UUAAUUCA 
l^GUGUAETU C GUUCCCAG 
GUAUUUAXJ U AAUUCAGA 
UAUUOaUU A AUUCAGAG 
CUCUUCCU C UUGCGAAG 
CUUCCUCU U GCGAAGAC 
AUUUCUUU C ACGAGUCA 
^JUUroUGU C AGCCACOG 
GAUGGUGU C CCGCUGCC 
UGGAGUCU C CCAGCACC 
CAGUACUU C CCCCAGGC 
ACCAUGCU U CCUCUGAC 
CCGGACUU U CGAUCUUC 
UGCUUCCU C UGACAUGG 
CUUUCCUU U GAAUCAAU 
UUUUGUGU C AGCCACUG 
UGUGUAUU C GUUCCCAG 
^^^^U^^UGAAU C AAUAAAGU 
UGGAAGCU C UUCAAGCU 
GAAUCAAU A AAGUUUUA 
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2975 UGGAAGCU C UUCAAGCU 

2976 OAUADGGU C CUCACCUG 

2977 GAAGCUCU U CAAGCUGA 
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Table 10: Rat ICAM HH Ribozyme Sequences 



nt . Rat HH Rlbozyme Secjuence 

Position 

11 UCAGDGUG CUGAUGAGGCCGAAAGGCCGAA AUUGGAUC 

23 UAGAGAAG OJGanGAGGCCGAAAGGCCGAA AAOTCAGC 

26 AAGAGGAA OXSAOGAGGCCGAAAGGCCGAA AGCAGUTC 

3X AGGACCAG OKSADSAGCSCCaAAAGGCCG^J^ AGCAGAGG 

34 GUADAUCa CUGAUGAGGCCGAAAGGCCGAA AGCUUCAG 

40 GGGGCUUG COGADGAGGCCGAAAGGCCGAA ACCCUGAG 

48 CCCAGGCC CDGADGAGGCCGAAAGGCCGAA AGGUUCUC 

54 GGCUCAGG CXJSADGAGGCCGAAAGGCCGAA AGGCGGGG 

58 GGGAGCDA CDGADGAGGCX:GAAAGGCCGAA AGGCACGG 

64 AOSGGUUG CUGADGAGGCCGAAAGGCCGAA AGCCADUG 

96 AGGACCAG aJGATOAGGCCGAAAGGCCGAA AGCAGAGG 

102 GCGACCAG CUGAOGAGGCCGARAGGCCGAA ACCAGGAG 

108 AGOUCCCC CDGAUGAGGCCGAAAGGCCGAA AGCAGUCC 

115 UGGGAACA GTOAjOGAGGOrGAAAGGCCXHAA AGGOAGGA 

119 GAGUUGGG COGADGAGGCGGAAAGGCCGAA ACAGUGUC 

120 GGCCCGGG COGADGAGGCGGAAAGGCCGAA ADCACAAC 
146 GGAGCFUCC COGADGAGGCGGAAAGGCCGAA AGGOCDGG 
152 UOGAGGDG COGADGAGGCGGAAAGGCCGAA AGCCGGGa 
158 UGACUCGO CDGAUGAGGCCGAAAGGCCGAA AAAGAAAD 
1^5 GGGGGAAG COGADGAGGCCGAAAQGCCGAA ACDGuDCA 
163 CGAGGCAG CUGADGAGGCCGAAAGGCCGAA AAGGCUUC 
185 CCUGCACG CDGAUGAGGCCGAAAGGCCGAA ADCCACCC 
209 GGDCAGAU CDGAUGAGGCCGAAAGGCCGAA AGGGGCDG 
227 DDCACAGD CDGADGAGGCCGAAAGGCCGAA ACDUGGUC 
230 CCDCCCAC CDGAUGAGGCCGAAAGGCCGAA ACAGCDUG 
237 GGGGUGDC CDGADGAGGCCGAAAGGCCGAA AGCUDCAG 
248 DCCUAAGG CDGAUGAGGCCGAAAGGCCGAA AGGGGGCC 
253 CCUCCACD CUGADGAGGCCGAAAGGCCGAA AGGCAGUG 
263 GCAUGAGA CDGAUGAGGCCGAAAGGCCGAA AUUGGCUC 
267 CGAGGCAG CUGADGAGGCCGAAAGGCCGAA AAGGCDDC 
293 UCAGCOUG CDGAUGAGGCCGAAAGGCCGAA AGAGCUUC 
319 UCGDUUGU CDGADGAGGCCGAAAGGCCGAA ADCCDCCG 
335 AGDDCUCA CDGADGAGGCCGAAAGGCCGAA AGCACAGU 

337 GAGGACCA CDGADGAGGCCGAAAGGCCGAA ADAGCACA 

338 CDCAGCDU CDGADGAGGCCGAAAGGCCGAA AAGAGCUD 
359 AAGCCGAG CDGAUGAGGCCGAAAGGCCGAA ACDGCGUG 
367 ACGGGUUG CDGAUGAGGCCGAAAGGCCGAA AGCCADDG 

374 AGGOGGGU CDGAUGAGGCCGAAAGGCCGAA AGGGGUAA 

375 GAGGCAGG CUGADGAGGCCGAAAGGCCGAA AGGCDUCU 
378 UACCCUGU CUGADGAGGCCGAAAGGCCGAA AGGUGGGU 
386 AGCUCCAA CUGAUGAGGCCGAAAGGCCGAA ACACAGCG 
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334 CCGUUCAG CtJGAUGAGGCCGAAAGGCXXa^ AGCACCAC 

420 UGCGCOSG COGADGAGGCCGAAAOSCCGaA AGGGGDGC 

425 GGOGGCAG COGAIJGAGGCCGAAAGGCCGAA AGCCGaCG 

427 UGGCroUOa OKSADGAGGCCGAAAGGCCGAA AACAGGGA 

450 CGCAGGAU OKSSVDGAGGCCGAAAGGCCGAA AGGDUCUU 

451 GCCOGC3GG CUGAUGAGGCCGAAAGGCCGAA AAGUACCC 
456 UGGOGGCA CCfGAlJGAGGCCGAAAGGCCGAA AAGCCGAG 
495 DJ^ACAGO CDGATXSaGGCCGAAAGGCCGAA AOGGUGGC 
510 UUCCCACG CDGAUGaGGCCGAAAGGCCXSAA AGCAGCAC 
564 GDGGUCGG CDGADGAGGCaSAAAGGCCGAA ACADUOUC 
592 DCCCXJGGa CDGADGAGGCCGAAAGGCCGAA AUACUCCC 

607 GCACGAGA CUGADGAGGCCGAAAGGCCGAA ADCGGCUC 

608 AGCAUGAG CDGADGAGGCCGAAAGGCCGAA AADDGGCa 

609 AAGCAUGA OJQADGAGGCCGAAAGGCCGAA AAADUGGC 
UGAAGCAU OKSAUGAGGCCGAAAGGCCGAA AGAAAUUG 

656 CADDCOCG COGaDGAGGCCGAAAGGCCGAA ACAGDGAC 

657 ACADDCDU OJGAIXSAGGCCGAAAGGCCXSAA AACAGUGA 
AAGAGGAA CUGADGAGGCCGAAAGGCCGAA AGCAGUDC 

. ^77 DGCGOJGG COGADGAGGCCGAAAGGCCGAA AGGGGUGC 

684 AAAGUCCG OJGAUGAGGCCGAAAGGCCGAA AGCOGCCU 

^92 GGAGDUCC OJGADGAGGCCGAAAGGCCGAA AGGDCUGG 

693 GGAAGAUC COGADGAGGCCGAAAGGCCGAA AAAGUCCG 
AGAGGCAG COGADGAGGCCGAAAGGCCGAA AAACAGGC 

709 GDGAGGGG COGADGAGGCCGAAAGGCCGAA AAAOGCUG 

*^20 GAGCDGAA COGADGAGGCCGAAAGGCCGAA AGUUG UA G 

723 UQGGAGCU COGADGAGGCCGAAAGGCCGAA AAAAGODG 

735 GCGACCAG COGADGAGGCCGAAAGGCCGAA ACCAGGAG 

738 UCCACCCC COGADGAGGCCGAAAGGCCGAA AGGCAGGA 

■^^5 AGDDCOCA COGADGAGGCCGAAAGGCCGAA AGCACAGO 

"^^^ UOCCAGGG COGADGAGGCCGAAAGGCCGAA ACACAAGA 

770 CDDCCAGG COGADGAGGCCGAAAGGCCGAA AACACAAG 

'^25 AGGCAGGA COGADGAGGCCGAAAGGCCGAA ACAGGCCO 

786 GAGGCAGG COGADGAGGCCGAAAGGCCGAA AACAGGCC 

792 GCGACCAG COGADGAGGCCGAAAGGCCGAA ACCAGGAG 

794 GAGCDUCA COGADGAGGCCGAAAGGCCGAA AGGCAGGA 

807 OCCAGGOA COGADGAGGCCGAAAGGCCGAA ADCOGAGC 

833 OAGDCOCC COGADGAGGCCGAAAGGCCGAA ACCCCAGG 

846 CAAUAAAU COGADGAGGCCGAAAGGCCGAA ACDGOCAG 

851 AGCOGCUA COGADGAGGCCGAAAGGCCGAA AGGUGAGC 

863 ACGGGDDG COGADGAGGCCGAAAGGCCGAA AGCCADDG 
OGUCAGAG COGADGAGGCCGAAAGGCCGAA AAGCADGG 

867 OAGGDGGG COGADGAGGCCGAAAGGCCGAA AGGUGGDC 

869 CUUCGCAA COGADGAGGCCGAAAGGCCGAA AGGAAGA:g 
CACGGGUU COGADGAGGCCGAAAGGCCGAA AAGCCAUD 

885 UUCACAGU CUGAUGAGGCCGAAAGGCCGAA ACUOGGUC 

^33 CUGGGAAC COGADGAGGCCGAAAGGCCGAA AADACACA 

936 OGACACAA COGADGAGGCCGAAAGGCCGAA ADCUCOGC 

978 AAGUUGUA COGADGAGGCCGAAAGGCCGAA ADDCDCAA 

980 AAAAGOOG CUGAUGAGGCCGAAAGGCCGAA AGAUUCUC 
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986 
987 
988 
lOOS 
1006 
1023 
1025 
1066 
1092 
1093 
1125 
1163 
1164 
1166 
1172 
1200 
1201 
1203 
1227 
1228 
1233 
1238 
1264 
1267 
1294 
1295 
1306 
1321 
1334 
1344 
1351 
1353 
1366 
1367 
1363 
1380 
1388 
1398 
1402 
1408 
1410 
1421 
1425 
1429 
1444 
1453 
1482 
1484 
1493 



GAGCUGAA CUGADGAGGCCGAAAGGCCGAA AGUUGOAG 
GGAGCaCA CUGAUGAGGCCGAAAGGCCGAA AAGDUGUA 
GGOAGCaC CUGADGAGGCCGAAAGGCCGAA AAAGDUGU 
GACGCCAC CUGADGAGGCCGAAAGGCCGAA ADCACGAA 
CCUGGOGA CDGAI3GAGGCCGAAACGCCGAA ACOCCCAC 
CCUUCUGA CUGADGAGGCCGAAAGGCCGAA ACCUCCGG 
CCCCUDCU CUGADGAGGCCGAAAGGCCGAA AGACCUCC 
DCGGGAAC CUGADGAGGCCGAAAGGCCGAA AAGGDAGG 
UCUGCDGA CUGADGAGGCCGAAAGGCCGAA ACCCCUCD 
AGGGGCCG CUGADGAGGCCGAAAGGCCGAA ADUCCCCU 
ADCAACAA CUGADGAGGCCGAAAGGCCGAA AGOUGGGG 
AGCAAAAG CUGADGAGGCCGAAAGGCCGAA AGCGUCGU 
GAGCAAAA CUGAUGAGGCCGAAAGGCCGAA AAGCGUCG 
CAGAGCAA CUGAUGAGGCCGAAAGGCCGAA AGAAGCGU 
AGGCCGCA CUGADGAGGCCGAAAGGCCGAA AGCAAAAG 
TOCAGUGD CUGAUGAGGCCGAAAGGCCGAA AADUGGAU 
CCDGUGGA CUGADGAGGCCGAAAGGCCGAA AAGCCCAA 
GACCUGUG CUGADGAGGCCGAAAGGCCGAA AGAAGCCC 
AGCACADG CUGADGAGGCCGAAAGGCCGAA AGUUCCAA 
ACGADCAC CUGADGAGGCCGAAAGGCCGAA AAGCCCGC 
GCGACCAG CUGADGAGGCCGAAAGGCCGAA ACCAGGAG 
GAGGACCA CUGADGAGGCCGAAAGGCCGAA ADAGCACA 
ACCCGUAD CUGADGAGGCCGAAAGGCCGAA ADCDUDCC 
CAnUCDDG CUGADGAGGCCGAAAGGCCGAA ACAGUGAC 
CUGACACA CUGADGAGGCCGAAAGGCCGAA AADCUCUG 
DCUGCUGA CUGAUGAGGCCGAAAGGCCGAA ACCCCUCD 
GCADGUAA CUGADGAGGCCGAAAGGCCGAA AGUCUGCD 
UDUCCCCA CUGADGAGGCCGAAAGGCCGAA ACUCUGUU 
GCDCUGGG CUGADGAGGCCGAAAGGCCGAA ACGAADAC 
GGADACCa CDGADGAGGCCGAAAGGCCGAA AGCACCGA 
AGUCCUCU CUGADGAGGCCGAAAGGCCGAA AGGCCUGA 
CCADUGUD CUGADGAGGCCGAAAGGCCGAA AGCUGCUA 
CCUGGGGG CUGADGAGGCCGAAAGGCCGAA AGUACCCU 
GCCUGGGG CUGADGAGGCCGAAAGGCCGAA AAGUACCC 
GGCAGCGG CUGADGAGGCCGAAAGGCCGAA ACACCADC 
ACCADCCC CUGADGAGGCCGAAAGGCCGAA ADAGGCAG 
CAUCCAGU CUGADGAGGCCGAAAGGCCGAA AGDCUCCA 
UGUCCUGU CUGADGAGGCCGAAAGGCCGAA ACAGCCAG 
CAGUUCUC CUGADGAGGCCGAAAGGCCGAA AAGCACAG 
GACGCCAC CUGADGAGGCCGAAAGGCCGAA ADCACGAA 
GUCCACUC CUGAUGAGGCCGAAAGGCCGAA ADAGUDCG 
GCCUGGGG CUGADGAGGCCGAAAGGCCGAA AAGUACCC 
AGCCAGAG CUGADGAGGCCGAAAGGCCGAA AGGUGGGU 
CCUGAGGC CUGAUGAGGCCGAAAGGCCGAA ACAAGUAU 
CUCCUCCU CUGAUGAGGCCGAAAC-GCCGAA AGCCUUCU 
UCCCUGGU CUGADGAGGCCGAAAGGCCGAA AUACUCCC 
CCUGGGGG CUGADGAGGCCGAAAGGCCGAA AGUACCCU 
GCAAGAGG CUGAUGAGGCCGAAAGGCCGAA AGAGCAGU 
UAGUCUCC CUGADGAGGCCGAAAGGCCGAA ACCCCAGG 
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1500 

1503 

1506 

1509 

1518 

1530 

1533 

1551 

1559 

1563 

1565 

1567 

1584 

1592 

1599 

1651 

1661 

1663 

1678 

1680 

1681 

1684 

1690 

1691 

1696 

1698 

1737 

1750 

1756 

1787 

1790 

1793 

1797 

1802 

1812 

1813 

1825 

1837 

1845 

1856 

1861 

1865 

1868 

1877 

1901 

1912 

1922 

1923 

1928 



UUGACCAU CUGADGAGGCCGAAAGGarGAA ADUUCACG 
GUGGUUGG CUQAUGAGGCCGAAAGGCCGAA ACAUUUUC 
CCAACAAU CUGAUGAGGCCGAAAGGCCGAA ADGACCCA 
UACACAGa CUGAUGAGGCCGAAAGGCCGAA ACGGUGGC 
ACAACGGC CUGAUGAGGCCGAAAGGCCGAA ACCAGGAC 
ACAAUUAU CUGAUGAGGCCGAAAGGCCGAA ACCCAGGU 
AAGCCCGC CUGADGT^GGCCGAAAGGCCGAA ADGAUCAG 
UACGAGCA CUGAUGAGGCCGAAAGGCCGAA AGGGCCAC 
UAAACAGG CUGAUGAGGCCGAAAGGCCGAA ACOUCCCA 
UGGGAACA CUGAUGAGGCCGAAAGGCCGAA AGGUAGGA 
GGCGGUAA CUGAUGAGGCCGAAAGGCCGAA AGGUGUAA 
CUGGCGGU CUGAUGAGGCCGAAAGGCCGAA ADAGGOGU 
UAIIAUCCU CUGAUGAGGCCGAAAGGCCGAA AUCUUCCU 
GOAACUUG CUGAUGAGGCCGAAAGGCCGAA AUAUCCUG 
GCCUUCUG CUGAUGAGGCCGAAAGGCCGAA AACUUGUA 
GGCDCAGG CUGAUGAGGCCGAAAGGCCGAA AGGCGGGG 
ACCAGGGC CUGAUGAGGCCGAAAGGCCGAA AAGUGCAG 
UGUCCAUU CUGAUGAGGCCGAAAGGCCGAA ADCUGUUC 
CCCAGGCC CUGAUGAGGCCGAAAGGCCGAA AGGUUCUC 
GACCUGUG CUGAUGAGGCCGAAAGGCCGAA AGAAGCCC 
. GAGGCAGG CUGAUGAGGCCGAAAGGCCGAA AACAGGCC 
GAGAGGUC CUQAUGAGGCCGAAAGGCCGAA ACGAGCAG 
AAUGUADG CUGAUGAGGCCGAAAGGCCGAA AGGUGGGG 
GAAGAUCG CUGAUGAGGCCGAAAGGCCGAA AAGUCCGG 
GCGACCAG CUGAUGAGGCCGAAAGGCCGAA ACCAGGAG 
UCUCCAGG CUGAUGAGGCCGAAAGGCCGAA AUAUCUGA 
GCACCGUG CUGAUGAGGCCGAAAGGCCGAA AUGUGAUC 
AAUAGGUG CUGAUGAGGCCGAAAGGCCGAA AAAUGGAC 
AGGACCAG CUGAUGAGGCCGAAAGGCCGAA AGCAGAGG 
CCCAGGCC CUGAUGAGGCCGAAAGGCCGAA AGGUUCUC 
GAGUOGGG CUGAUGAGGCCGAAAGGCCGAA ACAGUGUC 
GUCCA^ CUGAUGAGGCCGAAAGGCCGAA AGGACCAU 
^JGGUUUUU CUGAUGAGGCCGAAAGGCCGAA AACAGGGA 
XK:CAGGUA CUGAUGAGGCCGAAAGGCCGAA AUCUGAGC 
UUUCCCCA CUGAUGAGGCCGAAAGGCCGAA ACUCUGUU 
ACGAUCAC CUGAUGAGGCCGAAAGGCCGAA AAGCCCGC 
UACACAGU CUGAUGAGGCCGAAAGGCCGAA AUGGUGGC 
OACCCUGU CUGAUGAGGCCGAAAGGCCGAA AGGUGGGU 
GCCCCUCC CUGAUGAGGCCGAAAGGCCGAA AGOCCUCU 
GCAGGUCA CUGAUGAGGCCGAAAGGCCGAA ADUAGGGG 
QG^CCAUA CUGAUGAGGCCGAAAGGCCGAA AGCACAUG 
CUUGUGUC CUGAUGAGGCCGAAAGGCCGAA ACCGGAUA 
AUUUAUAU CUGAUGAGGCCGAAAGGCCGAA ACUCGUGA 
CCUGGGGG CUGAUGAGGCCGAAAGGCCGAA AGUACUGU 
UGUACCUU CUGAUGAGGCCGAAAGGCCGAA AGUUUUAG 
UGUCCAUU CUGAUGAGGCCGAAAGGCCGAA AUCUGUUC 
raCGCAAU CUGAUGAGGCCGAAAGGCCGAA A.CUUACAU 
CUAAAGGU CUGAUGAGGCCGAAAGGCCGAA AGCGUCCA 
UCCAGGUA CUGAUGAGGCCGAAAGGCCGAA AUCUGAGC 
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1930 

1964 

1983 

1996 

2005 

2013 

2015 

2020 

2039 

2040 

2057 

2061 

2071 

2076 

2097 

2098 

2115 

2128 

2130 

2145 

2152 

2156 

2158 

2159 

2160 

2162 

2153 

2166 

2167 

2170 

2171 

2173 

2174 

2175 

2176 

2183 

2185 

2186 

2187 

2189 

2196 

2198 

2199 

2200 

2201 

2205 

2210 

2220 

2224 



CAUCCAGU OTCAIXSAGGCCGAAAGGCCGAA AGDCUCCA 
GCUGACAC aJGMPSAGGCCGAAAGGCCGAA AAADCDCU 
CCCAGGCC COGMGAGGCCGAAAGGCCGAA AG GUUOJC 
AGCDUGAA CCGMJGAGGCCGAAAGGCCGAA AGCODCCA 
OAGGCAAU CUGMKaGGCCGAAAGGCCGAA ACDDACAU 
CAUCCCGA CaGADGAGGCCGAAAGGCCGAA AGGCAGCG 
ACCADCCC aJGADGAGGCCGAAAOSCCGAA AtZAGGCAG 
GUACAGGG CCGADGAGGCCGAAAGGCCGAA ACOCAADA 
Xra^OOTGU CDGAXJGJUSGCCGAAAGGCCGAA AUCCUCCG 
ACCOCCAG CCPSACGAGGCCGAAAGGCCGAA AGGOCAGG 
AGCCADUG CCGADGAGGCCGAAAGGCCGAA AGGACCAG 
UAGGUGOA CCGADGAGGCCGAAAGGCCGAA AUGGACGC 
CCUGAGGC CDGAUGAGGCCGAAAGGCCGAA ACAAGUAU 
OTAGGCCa CUGADGAGGCCGAAAGGCCGAA AGGCOACA 
ACAUCAAC CUGADGAGGCCGAAAGGCCGAA AGAGOUGG 
ACCOCCAG CCGADGAGGCCGAAAGGCCGAA AGGOCAGG 
CAGGACCC COGADGAGGCCGAAAGGCCGAA AGOCGGAA 
GADCADGG COGADSAGGCCGAAAGGCCGAA ACAGCACU 
AGAGGCAG CCGADSAGGCCGAAAGGCCGAA AAACAGGC 
ACA DCAAC CUGADGAGGCCGAAAGGCCGAA AGAGCDGG 
AAGUCGCA CUGAD3AGGCCGAAAGGCCGAA ADCCOCAA 
UCAAUAAA CUGADGAGGCCGAAAGGCCGAA AACDGDCA 
AADOAADA COGADGAGGCCGAAAGGCCGAA AUACADCA 
GAADDAAU CUGADGAGGCCGAAAGGCCGAA AAUACADC 
^JGAADOAA CUGADGAGGCCGAAAGGCCGAA AAAOACAU 
AACAAAGG CUGADGAGGCCGAAAGGCCGAA AGGAADGU 
CUCCGAAU CUGADGAGGCCGAAAGGCCGAA AAUAAAUA 
AADOAADA CTGADGAGGCCGAAAGGCCGAA ADACAUCA 
GAADUAAU CCGADGAGGCCGAAAGGCCGAA AAUACADC 
UCDGAADU COGADGAGGCCGAAAGGCCGAA ADAAADAC 
^JACUCAAU CUGADGAGGCCGAAAGGCCGAA AAUAACUG 
GAGGACCA CUGADGAGGCCGAAAGGCCGAA ADAGCACA 
AGCAGGGG CUGADGAGGCCGAAAGGCCGAA AADAGAGA 
^^GACUCGU CCGAIK3AGGCCGAAAGGCCGAA AAAGAAAD 
GDGGUUGG CUGADGAGGCCGAAAGGCCGAA ACADDUUC 
UCAADAAA CUGAUGAGGCCGAAAGGCCGAA AACUGtKA 
ACUCAADA CUGADGAGGCCGAAAGGCCGAA AOAACDGU 
^2ACDCAAD CUGADGAGGCCGAAAGGCCGAA AAUAACTO 
GUACDCAA CUGADGAGGCCGAAAGGCCGAA AAADAACU 
GGGDACDC COGADGAGGCCGAAAGGCCGAA ADAAAOAA 
CAAUAAAD COGADGAGGCCGAAAGGCCGAA ACDGUCAG 
UGACCUCG CUGAUGAGGCCGAAAGGCCGAA AGACADUC 
CDGGCADG COGADSAGGCCGAAAGGCCGAA AAGAGUCU 
GCCUGGGG COGADGAGGCCGAAAGGCCGAA AAGOACCC 
GACCUGDG CUGAUGAGGCCGAAAGGCCGAA AGAAGCCC 
CAGUGGCU CUGADGAGGCCGAAAGGCCGAA ACACAAAA 
CAUCCAGU CUGADGAGGCCGAAAGGCCGAA AGOCOCCA 
CCCAGGCC CUGADGAGGCCGAAAGGCCGAA AGGUDCDC 
AAGGOAGG COGAUGAGGCCGAAAGGCCGAA AUGOAUGU 
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2226 

2233 

2242 

2248 

2254 

2259 

2260 

2266 

2274 

2279 

2282 

2288 

2291 

2321 

2338 

2339 

2341 

2344 

2358 

2359 

2360 

2376 

2377 

2378 

2379 

2380 

2382 

2384 

2399 

2401 

2411 

2417 

2418 

2425 

2426 

2433 

2434 

2448 

2449 

2451 

2452 

2455 

2459 

2460 

2479 

2480 

2483 

2484 

2492 



U GPGGCOJ CUGAUGAGGCCGAAAGGCCGAA AGGOCCAG 
AGODCUGU CUSSIJGAGGCCGAAACGCCGAA AAGCADGA 
AOIACUGA CDGMJGAGGCCGAAAGGCCGAA AGCUGDGU 
GCGACCAG CUGAUGAGGCCGAAAGGCCGAA ACCAGGAG 
UUCAGUGU CTKSADGAGGCCGAAAGGCCGAA AADUGGAU 
GCACCGUG CUGAUGAGGCCGAAAGGCCGAA ACGUGAUC 
AGCACCGU CUGAIK3AGGCCGAAAGGCCGAA AACJGUGAU 
AACUUGUA CUGAUGAGGCCGAAAGGCCGAA AUCCCGAU 
UACADGUU CDGADGAGGCCGAAAGGCCGAA ACCUGCUC 
ACCCGOAU CUGATJGAGGCCGAAAGGCCGAA ADCUODCC 
ACUCAADA CUGAUGAGGCCGAAAGGCCGAA AUAACUGU 
CADUGGAG CUGAUGAGGCCGAAAGGCCGAA ACCAGGGC 
GUAACDUG CUGAUGAGGCCGAAAGGCCGAA AUAUCCUG 
ACCCGOAU CUGAUGAGGCCGAAAGGCCGAA ACCUUUCC 
CCUGUGGA CUGAUGAGGCCGAAAGGCCGAA AAGCCCAA 
GCCUGGGG CUGAUGAGGCCGAAAGGCCGAA AAGUACCC 
^^'SAGCACC CUGAUGAGGCCGAAAGGCCGAA ACAGGCCC 
GAGAGGUC CUGAUGAGGCCGAAAGGCCGAA ACGAGCAG 
UGOGGGAG CUGAUGAGGCCGAAAGGCCGAA AGGCAGGG 
UUCUGUGG CUGAUGAGGCCGAAAGGCCGAA ADGGAUGG 
CUUCCAGG CUGAUGAGGCCGAAAGGCCGAA AACACAAG 
AAGAGGAA CUGAUGAGGCCGAAAGGCCGAA AGCAGUUC 
^^^^AUAGAG CUGAUGAGGCCGAAAGGCCGAA AGGAAGUC 
UCGUGAAA CUGAUGAGGCCGAAAGGCCGAA AAAUCAGC 
CGCAAGAG CUGAUGAGGCCGAAAGGCCGAA AAGAGCAG 
ACUCGUGA CUGAUGAGGCCGAAAGGCCGAA AGAAAUCA 
UGACUCGU CUGAUGAGGCCGAAAGGCCGAA AAAGAAAU 
CDUGUGUC CUGAUGAGGCCGAAAGGCCGAA ACCGGAUA 
CGTCCACA CUGAUGAGGCCGAAAGGCCGAA AGOAUUUA 
GAGGACCA CUGAUGAGGCCGAAAGGCCGAA AUAGCACA 
^^^^^^AGCAU CUGAUGAGGCCGAAAGGCCGAA AGAAAUUG 
AACUUGUA CUGAUGAGGCCGAAAGGCCGAA AUCCUGAU 
AGUUCUGU CUGAUGAGGCCGAAAGGCCGAA AAGCAUGA 
GAACUCUG CUGAUGAGGCCGAAAGGCCGAA AUUAAUAA 
UAGUCUCC CUGAUGAGGCCGAAAGGCCGAA ACCCCAGG 
AACUGUCA CUGAUGAGGCCGAAAGGCCGAA AACCCUGA 
UCGUOTJGU CUGAUGAGGCCGAAAGGCCGAA^ AUCCUCCG 
GGGGGAAG CUGAUGAGGCCGAAAGGCCGAA ACUGUUCA 
CGAGGCAG CUGAUGAGGCCGAAAGGCCGAA AAGGCUUC 
<SAGGCAGG CUGAUGAGGCCGAAAGGCCGAA AACAGGCC 
AGAGGCAG CU3AUGAGGCCGAAAGGCCGAA AAACAGGC 
AACAAAGG CUGAUGAGGCCGAAAGGCCGAA AGGAAUGU 
UGUGGGAG CUGAUGAGGCCGAAAGGCCGAA AGGCAGGG 
UUGGGAAC CUGAUGAGGCCGAAAGGCCGAA AAGGUAGG 
GGCGGUAA CUGAUGAGGCCGAAAGC-CCGAA AGGUGUAA 
GGGAUCAC CUGAUGAGGCCGAAAGGCCGAA ACC-C-CGAC 
ACAUUGGG CUGAUGAGGCCGAAAGGCCGAA ACAAAGGU 
GACAUUGG CUGAUGAGGCCGAAAGGCCGAA AACAAAGG 
UAGGUGGG CUGAUGAGGCCGAAAGGCCGAA AC^TOGGUC 
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2504 

2508 

2509 

2510 

2520 

2521 

2533 

2540 

2545 

2568 

2579 

2585 

2588 

2591 

2593 

2596 

2601 

2602 

2607 

2608 

2609 

2620 

2626 

2628 

2635 

2640 

2641 

2642 

2653 

2659 

2689 

2691 

2700 

2704 

2711 

2712 

2721 

2724 

2744 

2750 

2759 

2761 

2765 

2769 

2797 

2803 

2804 

2813 

2815 



UAGGAADG 

AAAGGOAG 

ACADOGGG 
GACADOGG 
UGAGGSGa 
GGAIIACaj 
AAAGDCCG 
CUGACACa 
CCAGGGCA 
GAGAGGUC 
GGCDGDGG 
CUUCGCAA 
AGCAGGGG 
GOGACCAG 
GAGGaCCA 
ACAACGGC 
CCUGGOGA 
DCCXACGG 
CaUCCAGD 
AACtTGOCA 
AGCAGCAC 
GGAGCDGA 
GUGAAUOG 
UGGADGGA 
AADGOADG 
AGAGGCAG 
AGCACCCD 
GCUUGCAG 
AGCCFDCAG 
AGDCCDCU 
CCOGGGGG 
UAGGDGGG 
ACCDOCCCJ 
CACCDUCC 
ACCCGUm 
CAAACCCG 
CCUGCACG 
GGUUUUUA 
CCACDCGA 
GGAAGAIIC 
AGGCCGCA 
GCAGGGGa 
UCXSACCAU 
GUUCOSUG 
AGUUCUGU 
AGGGUCAG 
GGAAGAUC 



C^^'SADGAGGCCGAAAGGCCGAA ADGOAGGU 
CDGADGAGGCCGAAAGGCCGAA AUGOADGU 
CDGADGAGGCCGAAAGGCCGAA AADGUADG 
^^^^"SADGAGGCCGAAAGGCXGAA AAAUGGAC 
^^^O'^^^^O'SAGGCCGAAAGGCXGAA ACAAAGGCJ 
CUGADGAGGCCGAAAGGCCGAA AACAAAGG 
CCGADGAGGCCGAAAGGCCGAA AADGCUGU 
C^XSM^IAG^SCXX^^ AGCACCGA 
™GAI3GAGGCCGAAAGGCCGAA AGCUGCCU 
CDGADGAGGCCGAAAGGCCGAA AADCUCUG 
C^^^S^^^I^'^^AGG^^ AGDGCAGG 
COGADGAGGCCGAAAGGCCGAA ACGAGCAG 
CDGADGAGGCCGAAAGGCCGAA AGGAGGCA 
CDGADGAGGCCGAAAGGCCGAA AGGAAGAG 
CDGADGAGGCCGAAAGGCCGAA AADAGAGA 
CDGADGAGGCCGAAAGGCCGAA ACCAGGAG 
CDGADGAGGCCGAAAGGCCGAA ADAGCACA 
CDGADGAGGCCGAAAGGCCGAA ACCAGGAG 
CDGADGAGGCCGAAAGGCCGAA AOJCCCAC 
CDGADGAGGCCGAAAGGCCGAA AGCOT^AAG 
CDGADGAGGCCGAAAGGCCGAA AGUCUCCA 
CDGADGAGGCCGAAAGGCCGAA AACDCUGA 
CDGADGAGGCCGAAAGGCCGAA ACDGAGAG 
CDGADGAGGCCGAAAGGCCGAA AAGDUGDA 
CDGADGAGGCCGAAAGGCCGAA AUCDGDGA 
CDGADGAGGCCGAAAGGCCGAA ACCDGAGC 
CDGADGAGGCCGAAAGGCCGAA AGGDGGGG 
CDGADGAGGCCGAAAGGCCGAA AAACAGGC 
CDGADGAGGCCGAAAGGCCGAA ACCDGUGG 
CDGADGAGGCCGAAAGGCCGAA ACCCOUCU 
CDGADGAGGCCGAAAGGCCGAA ACCCOAGD 
CDGADGAGGCCGAAAGGCCGAA AGGCCDGA 
CDGADGAGGCCGAAAGGCCGAA AGOACCCU 
CDGADGAGGCCGAAAGGCCGAA AGGOGGUC 
CDGAIK3AGGCCGAAAGGCCGAA AGGOAGGG 
CDGADGAGGCCGAAAGGCCGAA AAGGUAGG 
CDGADGAGGCCGAAAGGCCGAA ADCUUDCC 
CDGADGAGGCCGAAAGGCCGAA ADGADCUU 
CDGADGAGGCCGAAAGGCCGAA ADCCACCC 
CDGADGAGGCCGAAAGGCCGAA ACAGGGAC 
CDGADGAGGCCGAAAGGCCGAA AGUUCGUC 
CDGADGAGGCCGAAAGGCCGAA AAAGDCCG 
CDGADGAGGCCGAAAGGCCGAA AGCAAAAG 
CUGADGAGGCCGAAAGGCCGAA ADAGAGAA 
CUGADGAGGCCGAAAGGCCGAA AUUUCACG 
CUGADGAGGCCGAAAGGCCGAA AGCAUGAG 
CDGADGAGGCCGAAAGGCCGAA AAGCAUGA 
CUGADGAGGCCGAAAGGCCGAA AUGGGAGC 
CUGADGAGGCCGAAAGGCCGAA AAAGUCCG 



SUBSTITUTE SHEET (RULE 26) 



wo 95/23225 PCT/IB95/00156 

213 



2821 ACCUCCAG CUGADGAGGCCGAAAGGCCGAA AGGUCAGG 

2822 GGAGCUGA CUGADGAGGCCGAAAGGCCGAA AAGUDGUA 

2823 UGGGAGCU CDGAUGAGGCCGAAAGGCCGAA AAAAGUUG 
2829 GGAUACCU CDGAUGAGGCCGAAAGGCCGAA AGCACCGA 
2837 GGGGGAAG CUGADGAGGCCGAAAGGCCGAA ACCCUGCG 
2840 UGCGCCGG CUGAUGAGGCCGAAAGGCCGAA AGGGGCGC 
2847 AGGCGGGU CUGADGAGGCCGAAAGGCCGAA AGGGGOAA 
2853 OIAGUCGG CUGADGAGGCCGAAAGGCCGAA AGADCGAA 
2860 UUCCAGGG CCGADGAGGCCGAAAGGCCGAA ACACAAGA 
2372 XTGAGCACC CCGADGAGGCCGAAAGGCCGAA ACAGGCCC 
2877 GGCGCCGG CCGADGAGGCCGAAAGGCCGAA AGACtJCCA 

2899 AAAGUCCG CUGADGAGGCCGAAAGGCCGAA AGCOGCCU 

2900 AGAGAAGG CUGADGAGGCCGAAAGGCCGAA AGUCAGCC 

2904 AAGAGGAA CCGADGAGGCCGAAAGGCCGAA AGCAGDDC 

2905 AGAGAAGG CCGADGAGGCCGAAAGGCCGAA AGUCAGCC 

2906 UUAAEaAA CCGADGAGGCCGAAAGGCCGAA ACADCAAC 

2907 CGCAAGAG CUGADGAGGCCGAAAGGCCGAA AAGAGCAG 

2908 AADUAAUA CCGADGAGGCCGAAAGGCCGAA AUACADCA 

2909 AAGAGGAA CCGADGAGGCCGAAAGGCCGAA AGCAGCUC 

2910 GUAAUAGA CCGADGAGGCCGAAAGGCCGAA AAGGAAGC 

2911 GGGCAADA CCGADGAGGCCGAAAGGCCGAA AGAAGGAA 

2912 CGAADOAA CUGADGAGGCCGAAAGGCCGAA AAADACAD 

2913 CUGGGAAC CCGADGAGGCCGAAAGGCCGAA AADACACA 

2914 DCCGAA-CU CUGADGAGGCCGAAAGGCCGAA ADAAADAC 

2915 CUCCGAAU CCGADGAGGCCGAAAGGCCGAA AAUAAACA 

2916 CUUCGCAA CCGADGAGGCCGAAAGGCCGAA AGGAAGAG 

2917 GUCUUCGC CCGADGAGGCCGAAAGGCCGAA AGAGGAAG 
2913 XX3ACCCGU CCGADGAGGCCGAAAGGCCGAA AAAGAAAD 
2919 CAGCGGCC CUGADGAGGCCGAAAGGCCGAA ACACAAAA 
2931 GGCAGCGG CUGADGAGGCCGAAAGGCCGAA ACACCADC 
2933 GGCGCCGG CCGADGAGGCCGAAAGGCCGAA AGACCCCA 
2941 GCCCGGGG CCGADGAGGCCGAAAGGCCGAA AAGOACCG 

2951 GDCAGAGG CCGADGAGGCCGAAAGGCCGAA AGCAUGGD 

2952 GAAGADCG CUGADGAGGCCGAAAGGCCGAA AAGOCCGG 

2955 CCAUGCCA CUGADGAGGCCGAAAGGCCGAA AGGAAGCA 

2956 AUUGADDC CCGADGAGGCCGAAAGGCCGAA AAGGAAAG - 

2961 CAGCGGCC CCGACGAGGCCGAAAGGCCGAA ACACAAAA 

2962 CUGGGAAC CCGADGAGGCCGAAAGGCCGAA AADACACA 

2965 ACUUUADU CUGADGAC5GCCGAAAGGCCGAA ADUCAAAG 

2966 AGCDUGAA CUGAXKSAGGCCGAAAGGCCGAA AGCUUCCA 
2969 CAAAAXIOTJ CUGADGAGGCCGAAAGGCCGAA ADOGADCC 
2975 AGCCUGAA CCGADGAGGCCGAAAGGCCGAA AGCDCCCA 
2975 CAGGUGAG CUGADGAGGCCGAAAGGCCGAA ACCAUADA 
2977 UCAGCUUG CUGADGAGGCCGAAAGGCCGAA AGAGCUUC 
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Table 11: Human IL-S "FTFT Target Sequence 



. HH Target Se^ence 

Position 



8 


ADGCACa U UCOUUGC 


9 


XJGCACUU 0 CUODGCC 


10 


GCACUUU C UUCFGCCA 


12 


ACUUDCU U UGCCAAA 


13 


CDUUCUU U GCCAAAG 


36 


AGAACGIJ U UCAGAGC 


37 


GAACGUU U CAGAGCC 


38 


AACCjUUU C AGAGCCA 


56 


GGADGCtJ tJ CDGcanrr 


57 




63 




64 


mnf^HTTTT TT r*a^Tmrv* 




TTTTTTrifi^ J I TT TTTyr T?v^^ 
UUUutnuU U LFuiiAJAwvJ 








GuUuGCu A GCUCU)LrU 


78 


QCUPISCO C UOGGAGC 


80 


t3AGCUCU U GGAGCOG 


91 


GCUGCCU A CGOGUAD 


9/ 


t2ACGUGU A UGCCADC 


104 


AUGCCAU C CCCACAG 


116 


CAGAAAU U CCCACAA 


117 


AGAAADU C CCACAAG 


130 


AGUGCAU U GGOGAAA 


145 


GAGACCa U GGCACDG 


155 


CACOGCU U UCOACUC 


156 


ACUGCUU U COACOCA 


157 


CUGCDC3U C UACUCAU 


159 


GODUDCU A CUCAaCG 


162 


UUCUACU C ADCGAAC 


165 


UACUCAU C GAACaCU 


171 


UCGAACU C UGCOGAU 


179 


UGCUGAD A GCCAADG 


192 


UGAGACXJ C UGAGGAU 


200 


UGAGGAU U CCOGUUC 


201 


GAGGAUU C CXK3UOCC 


206 


XJUCCUGU U CCDGUAC 


207 


UCCUGUU C CUGOACA 


212 


UUCCUGU A CAUAAAA 


216 


OGUACAU A AAAADCA 


222 


UAAAAAU C ACCAACU 



at . 


HH Tajrgot So<iueac 


Position 


245 


AAGAAAU C UDUCAGG 


247 


(oAAAUCU u UCAGGGA 




AAAUCUa U CAGGGAA 




AAUCUUU C AGGGAAU 


OCT 


AGGGAAU A GGCACAC 


273 


GQAGAGU C AAACUGU 


291 


AGGGGGCJ A CUGOGGA 


305 


AAAGACU A UUCAAAA 


307 


AGACOAU U CAAAAAC 


308 


GACOADO C AAAAACU 


316 


AAAAACU U GUCCUOA 


319 


AACUUGU C CUUAAOA 


322 


UDGUCOJ U AADAAAG 


323 


UGDCCUU A AUAAAGA 


326 


CCDOAAU A AAGAAAU 


334 


AAGAAAU A CADUGAC 


338 


AAUACAU U GACGGCC 


380 


GGAGAGU A AACCAAU 


388 


AACCAAU U CCUAGAC 


389 


ACCAAUD C COAGACU 


392 


AAUOCCU A GACOACC 


397 


CUAGACU A CCDGCAA 


409 


CAAGAGU U UCUOGGU 


410 


AAGAGUU U CUUGGUG 


411 


AGAGUUU C UUGGUGU 


413 


AGUUUCU U GGDGUAA 


419 


^^UGGUGU A AUGAACA 


437 


AGOGGAU A AUAGAAA 


440 


GGADAAU A GAAAGUU 


447 


AGAAAGU U GAGACUA 


454 


UGAGACU A AACUGGU 


462 


AACCGGU U UGUUGCA 


463 


ACUGGUU U GDUGCAG 


466 


GGUOUGU U GCAGCCA 


479 


CAAAGAU U UUGGAGG 


480 


AAAGAUU U UGGAGGA 


481 


AAGAUUU U GGAGGAG 


497 


AGGACAU U UUACUGC 


498 


GGACAUU U OACUGCA 


499 


GACAUUU U ACUGCAG 
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500 

531 

538 

539 

542 

543 

544 

545 

549 

551 

554 

555 

556 

560 

561 

573 

577 

579 

580 

581 

588 

597 

598 

611 

616 

617 

619 

620 

625 

627 

629 

630 

631 

636 

638 

644 

647 

653 

655 

656 

657 

658 

661 

672 

676 

678 

581 

682 



ACAUUOU 
AAAGAGU 
CAGGCOJ 
AGGCCDU 
CCDUAAn 
CUUAADU 
X3UAAUOU 
OAAOOOa 
DDUCAAD 
OCAAUAn 
AUAUAAU 
UADAAUU 

DUUAACa 
UOAACDU 
GGAAAGU 
AGUAAAn 
UAAAUA0 
AAAOAUD 
AAnADOU 
CAGGCAD 
IJSACACa 
GACACUa 
AAAGCAU 
AIJAAAAU 
UAAAAUa 
AAAUUCO 
AAUUCUU 
UOAAAAD 
AAAAUAU 
AADAUAU 

AUAxmnu 

UAOAntJU 
UUCAGAn 
CAGAUAU 
UCAGAAU 
GAADCAU 
UDGAAGtT 
GAAGUAtT 
AAGUADU 
AGOAUUU 
GUADOUU 
DOOUCCU 
GCAAAAU 
AADDGAU 
UUGAmn 
ADAUACU 
UAUACUU 



CDGCAGU 
AGGCCUU 
AAUUUUC 
AUUUUCA 
XTUCAACfA 
nCAAUAU 
CAAIIAIIA 
AAOAnAA 
UAAUUUA 
AUOUAAC 
HAACUDC 
AACOOCA 
ACUUCAG 
CAGAGGG 
AGAOGGA 
AADAXTUU 
UUUCAGG 
UCA06CA 
CAGGCAU 
AGGCAPA 
CDGACAC 
OGCCaGA 
GCCAGAA 
AAAUUCJU 
n CUUAAAA 
C nOAAAAa 
AAAADAU 
AAAUADA 
UADDOCA 
UUUCAGA 
UCAGAnA 
CAGAOAn 
AGAOADC 
UCAGAAU 
AGAAOCA 
AUCXSAAG 
GAAGOAU 
UUUUC CD 
UUCCUCC 
UCCUCCA 
CCtJCCAG 
CUCCAGG 
CAGGCAA 
GAtXADAC 
UACDUUU 
COUUUUU 

uuuucuu 

UIJUCUUA 



u 

A 
A 
A 
U 

u 
c 

A 

c 
c 

V 
A 

U" 

u 
u 
c 
c 
u 

A 
A 
U 

u 



684 

685 

686 

688' 

689 

691 

692 

693 

697 

698 

703 

704 

708 

715 

719 

720 

724 

725 

728 

731 

733 

734 

735 

745 

746 

752 

753 

757 

761 

762 

765 

767 

768 

769 

771 

772 

773 

778 

779 

783 

788 

789 

791 

794 

805 



UACOOUU 
ACUUUUU 
COUUUUU 

uuuuucu 
uuuucuu 

UUCUUAU 
UCUUAUU 
CUUAUUU 
UOUAACU 
UOAACOU 
UUAACAU 
DAACAUU 
AOUCUGU 
AAAADGU 
DGUCUGU 
GUCUGUU 
GUUAACU 
UUAACUU 
ACUUAAU 
UAAUAGU 
AUAGOAU 
UAGUAUU 
AGUADUU 
AAADGGU 
AAUGGUU 
DAAGAAU 
AAGAAUU 
AUUUGGU 
GGUAAAU 
GOAAAUU 
AADUAGU 
UUT^GUAU 
OAGUAUU 
AGUADUU 
UAUUUAU 
AUUUAUU 
UUUAUUU 
X7UAAUGU 
UAAUGUU 
GUUAUGU 
GUUGOGU 
UtXaTOGUU 
GOGUUCU 
UUCOAAU 
CAAAAAU 



U UCUUAUU 
U CUUAUUU 
C UUAUUUA 
AUUUAAC 
UUUAACU 
UAACUUA 
AACUUAA 
ACUUAAC 
U AACAUUC 
A ACAUUOJ 
U CUGUAAA 
C UGUAAAA 
A AAAUGUC 
C UGUUAAC 
U AACUUAA 
A ACUUAAU 
AAUAGUA 
ADAGUAU 
GUAUUUA 
UUUAUGA 
UADGAAA 
AUGAAAU 
UGAAAUG 
AAGAAUU 
AGAAUUU 
UGGUAAA 
U GGUAAAU 
A AADUAGU 
AGUADUU 
GUADUUA 
UUUAUUU 
UAUUUAA 
ADUUAAU 
UUUAAUG 
UAA03UU 
AAUGUUA 
AUGUUAU 
AUGUUGU 
UGUUGUG 
GUGUUCU 
U CUAADAA 
C UAAQAAA 
A AUAAAAC 
A AAACAAA 
A GACAACU 



U 
A 
A 
A 
U 
O 
A 
U 
A 
U 



u 

A 
A 
U 
U 
A 
U 
U 
A 
U 
A 
U 
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Table 12; Human 11^5 HH Ribozyme Sequences 



nt . 
Position 



HH RiJ303:yme Seq;uenc€ 



8 GCAAAGA COGAIXSAGGCCGAAftGCKIXrG^ AGCGCAU 

9 GGCAAAG OJGAUSAGGCCGAAAGGCCGAA AAGTOCA 
UGGCAAA CUGAUGAGGCC3AAAGGCCGAA AAAGoGC 

12 UUUGGCA CUGADGAGGCCGAAAGGCCGAA AGAAAGU 

13 CUDDGGC CUGAnCAGGCCGAAAGGCCGAA AAGAAAG 
GCUCOGA CUGADGAGGCCGAAAGGCCGAA ACGUCCU 

37 GGCOCUG CDGADGAGGCCGAAAGGCCGAA AACGUCC 

38 DGGCUCU CDGADGAGGCCGAAAGGCCESAA AAACGDU 

56 AAUGGAG COGADGaCGCXIXSAAAGGCCGAA AGCACCC 

57 AAAOGCA COGADSAGGCCGAAAGGCCGAA AACCAUC 
63 AAACaCA CUGADGAGGCCGAAAGGCCGAA ADGCAGA 
S4 CAAACOC CUGAUGAGGCCGAAAGGCCGAA AAUGGAG 
S9 GCUAGCA CUGAtXSAGGCCGAAAGGCCGAA ACUCAAA 

AGCUAGC CUGAUGAGGCCGAAAGGCCGAA AAOJCAA 

"74 CAAGAGC CDGADGAGGCCGAAAGGCCGAA AGCAAAC 

78 GCUCCAA CUGAUGAGGCCGAAAGGCCGAA AGCUAGC 

80 CAGCOCC CUGAUGAGGCCGAAAGGCCGAA AGAGCUA 

51 AUACACG CUGAUGAGGCCGAAAGGCCGAA AGGCAGC 

97 GAUGGCA CUGAUGAGGCCGAAAGGCCGAA ACACGUA 

104 CUGUGGG CUGAUGAGGCCGAAAGGCCGAA AUGGCAU 

116 tXUGUGGG CUGAUGAGGCCGAAAGGCCGAA AUUUCUG 

^-'7 CUUGUGG CUGAUGAGGCCGAAAGGCCGAA AAUUUCU 

130 UUUCACC CUGAUGAGGCCGAAAGGCCGAA AUGCACU 

145 CAGUGCC CUGAUGAGGCCGAAAGGCCGAA AGGUCUC 

^5 GAGOAGA CUGAUGAGGCCGAAAGGCCGAA AGCAGUG 

156 UGAGUAG CUGAUGAGGCCGAAAGGCCGAA AAGCAGU 

157 AUGAGUA CUGAUGAGGCCGAAAGGCX:GAA AAAGCAG 
159 CGAUGAG CUGAUGAGGCCGAAAGGCCGAA AGAAAGC 
162 GUUCGAU CUGAUGAGGCCGAAAGGCCGAA AGUAGAA 
1^5 AGAGUUC CUGAUGAGGCCGAAAGGCCGAA AUGAGUA 
171 AUCAGCA CUGAUGAGGCCGAAAGGCCGAA AGUUCGA 
179 CAUUGGC CUGAUGAGGCCGAAAGGCCGAA AUCAGCA 
192 AUCCUCA CUGAUGAGGCCGAAAGGCCGAA AGUCUCA 

200 GAACAGG CUGAUGAGGCCGAAAGGCCGAA AUCCUCA 

201 GGAACAG CUGAUGAGGCCGAAAGGCCGAA AAUCCUC 

206 GUACAGG CUGAUGAGGCCGAAAGGCCGAA AOiGGAA 

207 UGUACAG CUGAUGAGGCCGAAAGGCCGAA AACAGGA 
212 UUUUAUG CUGAUGAGGCCGAAAGGCCGAA ACAGGAA 
216 UGAUUUU CUGAUGAGGCCGAAAGGCCGAA AUGUACA 
222 AGUUGGU CUGAUGAGGCCGAAAGGCCGAA AUUUUUA 
245 CCUGAAA CUGAUGAGGCCGAAAGGCCGAA AUUUCUU 



SUBSTITUTE SHEET (RULE 26) 



wo 95/23225 PCT/IB95/001S6 

217 

247 UCCCUGA CUGAUGAGGCCGAAAGGCCGAA AGAC7UUC 

248 tJUCCCUG CUGAUGAGGCCGAAAGGCCGAA AAGAUUU 
243 AUUCCCU CUGAUGAGGCCGAAAGGCCGAA AAAGAUU 
257 GUGOGCC CDGADGAGGCCGAAAGGCCGAA AUUCCCU 
273 ACAGUUU CUGAUGAGGCCGAAAGGCCGAA ACUCUCC 
291 UCCACAG CUGAUGAGGCCGAAAGGCCGAA ACCCCCU 
305 UUUUGAA CUGAUGAGGCCGAAAGGCCGAA AGUCUUU 

307 GUUUUUG CUGAUGAGGCCGAAAGGCCGAA AUAGUCU 

308 AGUUUUU CUGAUGAGGCCGAAAGGCCGAA AAUAGUC 
31o UAAGGAC CUGAUGAGGCCGAAAGGCCGAA AGUUUUU 
319 UAUUAAG CUGAUGAGGCCGAAAGGCCGAA ACAAGUU 

322 CUUUAUU CUGAUGAGGCCGAAAGGCCGAA AGGACAA 

323 UCUUUAU CUGAUGAGGCCGAAAGGCCGAA AAGGACA 
326 AUUUCUU CUGAUGAGGCCGAAAGGCCGAA AUUAAGG 
334 GUCAAUG CUGAUGAGGCCGAAAGGCCGAA AUUUCUU 
338 GGCCGUC CUGAUGAGGCCGAAAGGCCGAA AUGUAUU 
380 ADUGGUU CUGAUGAGGCCGAAAGGCCGAA ACUCUCC 

388 GUCUAGG CUGAUGAGGCCGAAAGGCCGAA AUUGGUU 

389 AGUCUAG CUGAUGAGGCCGAAAGGCCGAA AAUUGGU 
392 GGUAGUC CUGAUGAGGCCGAAAGGCCGAA AGGAAUU 
397 UUGCAGG CUGAUGAGGCCGAAAGGCCGAA AGUCUAG 

409 ACCAAGA CUGAUGAGGCCGAAAGGCCGAA ACUCUUG 

410 CACCAAG CUGAUGAGGCCGAAAGGCCGAA AACUCUU 

411 ACACCAA CUGAUGAGGCCGAAAGGCCGAA AAACUCU 
413 PUACA CC CUGAUGAGGCCGAAAGGCCGAA AGAAACU 
419 UGUUCAU CUGAUGAGGCCGAAAGGCCGAA ACACCAA 
437 XKJUCUAU CUGAUGAGGCCGAAAGGCCGAA AUCCACU 
440 AACUUUC CUGAUGAGGCCGAAAGGCCGAA AUOAUCC 
447 UAGUCUC CUGAUGAGGCCGAAAGGCCGAA ACUUUCU 
454 ACCAGUU CUGAUGAGGCCGAAAGGCCGAA AGUCUCA 

462 UGCAACA CUGAUGAGGCCGAAAGGCCGAA ACCAGUU 

463 CUGCAAC CUGAUGAGGCCGAAAGGCCGAA AACCAGU 
466 UGGCUGC CUGAUGAGGCCGAAAGGCCGAA ACAAACC 

479 CCUCCAA CUGAUGAGGCCGAAAGGCCGAA AUCUUUG 

480 UCCUCCA CUGAUGAGGCCGAAAGGCCGAA AAUCUUU 

481 CUCCUCC CUGAUGAGGCCGAAAGGCCGAA AAAUCUU 

497 GCAGUAA CUGAUGAGGCCGAAAGGCCGAA AUGUCCU 

498 XrcCAGUA CUGAUGAGGCCGAAAGGCCGAA AAUGUCC 

499 CUGCAGU CUGAUGAGGCCGAAAGGCCGAA AAAUGUC 

500 ACUGCAG CUGAUGAGGCCGAAAGGCCGAA AAAAUGU 
531 AAGGCCU CUGAUGAGGCCGAAAGGCCGAA ACUCUUU 

538 GAAAAUU CUGAUGAGGCCGAAAGGCCGAA AGGCCUG 

539 UGAAAAU CUGAUGAGGCCGAAAGGCCGAA AAGGCCU 

542 UAUUGAA CUGAUGAGGCCGAAAGGCCGAA AUUAAGG 

543 AUAUUGA CUGAUGAGGCCGAAAGGCCGAA AAUUAAG 

544 UAUAUUG OXSAUGAGGCCGAAAGGCCGAA AAAUUAA 

545 UUAUAUU CUGAU3AGGCCGAAAGGCCGAA AAAAUUA 
549 UAAAUUA CUGAUGAGGCCGAAAGGCCGAA AUUGAAA 
551 ' GUUAAAU CUGAUGAGGCCGAAAGGCCGAA AUAUUGA 
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554 GAAGOOA COGADGAGGCCGAAAGGCCXSAA ADUADAU 

555 UGAAGUa CDGADGAGGCCGAAAGGCCGAA AAUDADA 

556 CUGAAGU CDGADGAGGCCGAAAGGCCGAA AAADUAU 

560 CCCDCUG CUGADGAGGCCGAAAGGCCGAA AGUCIAAA 

561 UCCCDCa CDGAUSAGGCCGAAAGGCCGAA AAGOUAA 
573 AAADAUU CUGADGAGGCCGAAAGGCCGAA ACUDUCC 
5"7 CCUGAAA CUGADGAGGCCGAAAGGCCGAA AUDUACU 

579 UGCCUGA CUGADGAGGCCGAAAGGCCGAA AUAUUDA 

580 ADGCCDG CDGADGAGGCCGAAAGGCCGAA AAUADUU 

581 UADGCCa CDGADGAGGCCGAAAGGCCGAA AAAUADU 
588 GDGUCAG CDGADGAGGCCGAAAGGCCGAA ADGCCDG 
537 UOXSSCA CDGADGAGGCCGAAAGGCCGAA AGDGUCA 
598 DDCUGGC CUGADGAGGCCGAAAGGCCGAA AAGDGUC 
611 AGAADDU CDGADGAGGCCGAAAGGCCGAA ADGCDUU 

UUUUAAG CDGADGAGGCCGAAAGGCCGAA ADUDDAD 

63.7 AUUUU7A CUGADGAGGCCGAAAGGCCGAA AAUDUUA 

619 ADADDUU CDGADGAGGCCGAAAGGCCGAA AGAADDU 

620 DADADDD CDGADGAGGCCGAAAGGCCGAA AAGAAUD 
625 UGAAADA CDGADGAGGCCGAAAGGCCGAA AUUDQAA 
627 UCDGAAA CUGADGAGGCCGAAAGGCCGAA AOADDDD 

629 DADCUGA CUGADGAGGCCGAAAGGCCGAA AUAUAUU 

630 ADAUCUG CUGADGAGGCCGAAAGGCCGAA AADADAU 

631 GADADCU CDGADGAGGCCGAAAGGCCGAA AAADADA 
636 AUDCDGA CDGADGAGGCCGAAAGGCCGAA ADCDGAA 
638 DGAUDCD CUGADGAGGCCGAAAGGCCGAA ADAUCUG 
644 CUUCAAD CUGADGAGGCCGAAAGGCCGAA AUDCUGA 
647 AUACUUC CUGADGAGGCCGAAAGGCCGAA ADGADUC 
653 AGGAAAA CDGADGAGGCCGAAAGGCCGAA ACDUCAA 

655 GGAGGAA CDGADGAGGCCGAAAGGCCGAA AUACDUC 

656 DGGAGGA CDGADGAGGCCGAAAGGCCGAA AADACUU 

657 CDGGAGG CDGADGAGGCCGAAAGGCCGAA AAADACU 

658 CCDGGAG CDGADGAGGCCGAAAGGCCGAA AAAADAC 
661 DDGCCUG CDGADGAGGCCGAAAGGCCGAA AGGAAAA 
672 GUAUADC CDGADGAGGCCGAAAGGCCGAA AUUUUGC 
676 AAAAGOA CDGADGAGGCCGAAAGGCCGAA ADCAADU 
678 AAAAAAG CDGADGAGGCCGAAAGGCCGAA AUAUCAA 
683. AAGAAAA CUGADGAGGCCGAAAGGCCGAA AGUAUAU 

682 DAAGAAA CUGADGAGGCCGAAAGGCCGAA AAGDADA 

683 AUAAGAA CDGADGAGGCCGAAAGGCCGAA AAAGOAU 

684 AAUAAGA CUGADGAGGCCGAAAGGCCGAA AAAAGDA 

685 AAADAAG CDGADGAGGCCGAAAGGCCGAA AAAAAGU 

686 UAAAIIAA CDGADGAGGCCGAAAGGCCGAA AAAAAAG 

688 GDUAAAU CUGADGAGGCCGAAAGGCCGAA AGAAAAA 

689 AGUDAAA CCR3ADGAGGCCGAAAGGCCGAA AAGAAAA 
63i UAAGUUA CUGADGAGGCCGAAAGGCCGAA AUAAGAA 

692 UUAAGUU CUGADGAGGCCGAAAGGCCGAA AAUAAGA 

693 GUUAAGU CDGADGAGGCCGAAAGGCCGAA AAADAAG 

697 GAADGUU CUGADGAGGCCGAAAGGCCGAA AGUUAAA 

698 AGAAUGU CUGAUGAGGCCGAAAGGCCGAA AAGUUAA 
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703 UUUACAG CUGADGAGGCCGAAAGGCCGAA ADGUtlAA 

704 DUOUACA CXJGAUGAGGCCGAAAGGCCGAA AADGDOA 
708 GACAUUU CX.'GADGAGGCCGAAAGGCCGAA ACAGAAU 
"^IS GOOAACA COGAUGAGGCCGAAAGGCCGAA ACAUUUU 
719 UQAAGUU OKSAUGAGGCCGAAAGGCCGAA ACAGACA 
'720 ADUAAGU CCGATOAGGCCGAAAGGCCGAA AACAGAC 
724 UACOAUU CUGATCAGGCCGAAAGGCCGAA AGODAAC 
"725 AUACUAU CXFGADGAGGCCGAAAGGCCGAA AAGOUAA 
■728 UAAADAC CTGAIX3AGGCCGAAAGGCCGAA ADUAAGU 
■72^ tJCAIJAAA CDGAUGAGGCCGAAAGGCCGAA ACUADUA 
"733 UUUCAOA CUGADGAGGCCGAAAGGCCGAA ADACUAU 
"7^4 ADOTCAU CtXSAUGAGGCCGAAAGGCCGAA AAnAOIA 
735 CADUDCA CTGADGAGGCCGAAAGGCCGAA AAAUAOJ 

745 AAUUCUU CUGADGAGGCCGAAAGGCCGAA ACCAUUD 

746 AAMUCD CUGADGAGGCCGAAAGGCCGAA AACCADU 

752 DUraCCA CCGMKSAGGCCGAAAGGCCXSAA AUDCUOA 

753 ADUOACC CCGADGAGGCXGAAAGGCCGAA AADUCOU 
757 ACOT^ADO CCPGADGAGGCCGAAAGGCCX3AA ACCAAAU 
■^^^ AAAimca CCGADGAGGCCGAAAGGCCGAA ADUnACC 

762 OAAAnAC CUGADGAGGCCGAAAGGCCGAA AAUDUAC 
"7^^ AAAIIAAA CDGADSAGGCCGAAAGGCCGAA ACUAADU 
767 UUAAAOA CUGADGAGGCCGAAAGGCCGAA AmcOAA 

763 AUOAAAU CUGADGAGGCCGAAAGGCCGAA AADACUA 
769 CADOAAA CUGADGAGGCCGAAAGGCCGAA AAAUACD 

771 AACADOA CUGADGAGGCCGAAAGGCCGAA ADAAADA 

772 DAACADO CUGADGAGGCCGAAAGGCCGAA AAQAAAO 

773 AUAACAU CUGADGAGGCCGAAAGGCCGAA AAADAAA 

778 ACAACAU CUGADGAGGCCGAAAGGCCGAA ACADUAA 

779 CACAACA CUGADGAGGCCGAAAGGCCGAA AACADUA 
783 AGAACAC CUGADGAGGCCGAAAGGCCGAA ACADAAC 

788 D^JUAG CDGAIJSAGGCCGAAAGGCCGAA ACACAAC 

789 POaADO A CUGADGAGGCCGAAAGGCCGAA AACACAA 
731 UjuuuAU CUGADGAGGCCGAAAGGCCGAA AGAACAC 
794 UDDGUUa CUGADGAGGCCGAAAGGCCGAA ADUAGAA 
805 AGUDGDC CUGADGAGGCCGAAAGGCCGAA AUDDDDG 
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Table 13: Mouse IL-5 HH Ribozyme Target Sequence 



Position 
8 

11 

12 

36 

36 

37 

43 

58 

59 

59 

66 

82 

91 
112 
113 
141 
141 
158 
167 
196 
197 
197 
202 
202 
206 
212 
212 
218 
218 
218 
232 
241 
241 
241 
241 
243 
243 
244 
245 



HH TcLxget Seczuence 



cGCuCOa 

ucuaccu 

CUUcCDU 
GAAgacU 
GaAgAcU 

UcaGaGU 
GGADGCa 
GAUGCDU 
gAjDGcUU 
CQGCAcU 
UgAcucU 
GcUgDGa 
ugGAgAU 
gGAgAUU 
GAGACCU 
GAgACcU 
gUCcgCD 
cCGAgCa 
UGAGGcU 
GAGGcUU 
gAGGCuU 
UUCCUCrtJ 
UUCCCGU 
DGUCccU 
UACUCACJ 
UacuCAU 
UaaAaaU 
UAAAAAU 
uAAAAAU 
uaOGCAlT 
gAGAAAU 
gAgAaAU 
gagAAAU 
gAgAaAU 
gaAAucU 
GAAAUCU 
AAADCOU 
AAUCUUU 



C CUUUGCu 
U UGCugAA 
U GCugAAG 
U CAGAGuC 
u cAgAGUc 
C AGAGuCA 
c ADGAgaA 
U CUGCAcCJ 
C UGCAcDU 
c uGcAcCU 
U GAGDgUu 
c aGcDGUG 
c uggGCCA . 
U CCCAugA 
C CCAugAG 
U GaCACaG 
U GaCAcAg 
AcCGAgC 
CGiiUGAc 
CCDGUcC 
CUGUcCC 
CUGuCcC 
CCDacuC 
CcUAcuc 
cuCaUAA 
aAAaUCa 
AAAAUCA 
aCcAGCU 
ACCAgCU 
acCAgCU 
GGaGAAA 
UUUCAGG 
UUucAGG 
UUUCAGG 
UUUCAGg 
UCAGgGg 
UCAGGGg 
U CAGGGgc 
C AGGGgcU 



C 

c 
u 
c 
c 
c 
c 
a 
a 
A 
c 
C 
c 
U 

c 

c 
c 
c 
U 

u 



nt . 
Position 

253 
259 
269 
269 

269 

287 

301 

301 

303 

303 

304 

315 

318 

319 

322 

330 

334 

334 

384 

385 

393 

405 

406 

409 

481 

482 

483 

483 

495 

553 

557 

564 

564 

565 

565 

569 

569 

613 

614 



HH Target So<Tuencc 



AGGGgcU 
UagACAU 
GaAGAaU 
GaAGAaU 
GAAgaAU 
uGGGGGU 
AAAugCU 
AAAugCU 
AUGCuAU 
AugCUAU 
ugCUAUU 
AACcUGU 
cUGUCaU 
UGUCaUU 
CaUUAAU 
AAGAAAU 
AAUACAU 
AAUaCaU 
AggCAgU 
ggCAgUU 
CUgGAuU 
CAAGAGU 
AAGAGUU 
AGUUcCU 
UcaCAAU 
cAcAAUU 
AcAAUUU 
AcAAUuU 
AAAUUgU 
GCUGuuU 
UuUcCAU 
UUauAuU 
UUAuaUU 
uaUAUUU 
UAUAuUU 
UUuAUGU 
uUUAUGU 
AAAGuGU 
AAgUGuU 



A GaCAuAC 
a CUGaAgA 
C AAACUGU 
c AAaCugU 
c aAAcUgU 
A CUGUGGA 
A UUCcAAA 
a uUCCaaA 
u CCaAaAc 
U CcAAAAC 
C cAAAACc 
C aUUAADA 
U AAUAAAG 
A AUAAAGA 
A AAGAAAU 
A CAUCGAC 
U GACcGCC 
u GACcgCC 
U CCUgGAu 
C CUgGAuU 
A CCUGCAA 
U cCUUGGU 
c CUUGGUG 
U GGUGUgA 
U UAAgUUA 
U AAgUUaA 
A AgUUaAa 
a aGUUAAa 
c AAcAgAU 
c CaUuUAU 
U UauaUUU 
u aUgUCCU 
u AugUcCU 
a ugUCCuG 
a UgUCcUg 
c cUGUaGU 
c cUGUagU 
u uaaCCUU 
u aACcUUU 
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620 
793 
816 
818 
825 
825 
839 
840 
863 
864 
864 
913 
917 
957 
960 
960 
962 
975 
987 
990 
1000 
1027 
1034 
1037 
1039 
1039 
1041 
1051 
1148 
1213 
1213 
1214 
1215 
1234 
1236 
1275 
1276 
1280 
1298 
1310 
1310 
1310 
1350 
1358 
1370 
1375 
1377 
1383 
1405 



UOAACca 

caAGgCU 

CUGagUU 

GAguUAU 

ACUcCcU 

aCUccCU 

AuCcucD 

uCcucUU 

cAAgUAU 

AAgOAUU 

AAGUAUU 

gAaCUCU 

UcDuggCJ 

UUagcAU 

GCAuccU 

GcaUcCU 

AncCuuU 



uUuGCmU 

DGuGcAU 

UACDCcc 

cUCCcuC 

CccCUCA 

CcCcUCa 

CGUVGCX 

GUUGCAu 

cCAGGCu 

CAGGCug 

caggCug 

GGucCaG 

CAGAuGG 

CUtKJcUc 

UcUcCuA 

uCDCcUa 

DCcOaGC 



gcccCDU u AgAERgA 
aGaDGACJ A cuuAADG 
OGAuACU u AAugacU 
DSACuCU c UugCuGA 
CgggGCU U cCOgCUC 
UCCOGcU C CUaacuA 
UgcUCcU A UcOAACa * 
C0CCUAU c UAACUDC 
cUCcOAa c UAACOUc 
CcOAUca A ACOUcAa 
UUcAAuU U AAuAccC 
uGAcDUa u cUuaDGU 
GCDgGaU u UDGGAaa 
gcDGGAU u uUgGAAA 
cugGAUU U DGGAaaA 
xigGADUU U GGAaaAG 
gGGACAU c UccuDGC 
GACAUcU c cuDGCAG 
ugGGCCU U AcUUcUC 
gGGCCDO A cUUcUCc 
CUOAcDU c UCcgUgU 
UgAACUU a AGAaGcA 
gcAAAGU a aAuACcA 
GCAAAgU a aAUAcca 
GcaAAgU a AAUAccA 
AAAGCAU A AAADggU 
AAAUGGU U ggGAugU 
OgUaaDU C AGgUAUC 
UUCAGgU A UCAGggU 
CAGgUAU C AGggUCA 
UCAGggU C AcUGgAG 
cccCAgU U UACUcCA 



1407 

1407 

1410 

1434 

1434 

1434 

1435 

1435 

1438 

1438 

1439 

1443 

1447 

1458 

1458 

1460 

1461 

1463 

1475 

1479 

1483 

1483 

1484 

1487 

1487 

1489 

1489 

1489 

1490 

1490 

1490 

1491 

1491 

1491 

1491 

1494 

1502 

1502 

1507 

1509 

1509 

1510 

1510 

1510 

1510 

1512 

1515 



cCAgUUU A CUcCAGg 
ccAgOUU a CUCCAGG 
gUUUaCU C CAGGaAA 
AUgCUDU U aUuUaAU 
aUgcUuU U AUUUAAu 
aUgcuUU u AuDUAAU 
UgCUDDU a UuDaAUU 
ugcUUUU a uUUAaUU 
UuUUAUU U AAuUcug 
uUUUADU U AAUucUg 
UUUADDU A AUucUgU 
UUUaAuU c UGuaAGa 
AUUCUGU A AgAUGUu 
ugUUcaU a UUAUUUA 
ugUUcAU A uUAUUUA 
UucAOAU u AUUUAug 
UcAUAuU A UUUA UGA 
AUAuUAtJ U UADGAug 
AuGgAUU c aGOAAgU 
AUUcaGU A AgOUAaU 
aGioAAGU u AAUAUUU 
aGUAAgU U AaDAUUU 
^^^^^AAgUU A aUADUUA 
agUUAAU a UUuAuOA 
AgUUAaU A UUUAUUa 
UUAAUaU tJ uAuUAcA 
UUAAuAU u UAUUaCA 
UUAaUAU U UAUUacA 
UAAUaUU u AuUAcAc 
UAaUADU U AUuAcAc 
UAaUAUU U AUUacAc 
AAUADUU a uuaCAcg 
AAUADqU a UxaAcAcg 
AaUAUUU A UuAcAcG 
AaUAUUU A UUacAcG 
AUuUAUU a 
cACGUaU A 
a 
a 
U 

a 
c 

C 
c 



CAcgOAU 
UaauAUu 
UAAUaUU 
UUcUaaU 
CUaAuAA 
CUAAUAA 
UaAuAAa 
UaauAAA 
UaaUAAA 
UaaUaUU C UAAUAAA 
aUaUUCU A AUAAAgC 
UUCUAAU A AAgCAgA 



cAcgUAU 
AUAUAaU 
AUAAiiAU 
aUaaUaU 
UAAxiAUU 
UAAuAUU 
UAAuAuU 
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Table 17 

Mouse rel A HH Target sequence 
nt. Position HH Target Sequence 



PCT/IB95/00156 



nt. Position HH Target Sequence 



19 




467 


22 




469 


26 




473 


93 




481 


94 


AnrTTrSTTTT r^^f^r^ 


501 


100 


TTuf^f^Pm ATTmrTtt/^ 


502 


103 




508 


105 


f^Tfivi 1/ IT TT 


509 


106 




512 


129 




514 


138 




534 


148 


UUjruiAfcaAiJ C AUCGAa.C 


556 


151 




561 


180 




562 


181 


U(jrC(^UU C CGCUAuA 


585 


186 




598 


204 




613 


217 


v3V-rtt»UAU U CCuGGCG 


615 


239 




617 


262 




620 


268 


UCAAGAU C AAUGGCD 


623 




AAUGGCD A CACAGGA 


628 




UuCGaACJ C UCCCUGG 


630 




CGaAUCU C CCUGGUC 


631 




CCCCGGU C ACCAAGG 


638 




GGccccu c caccucra 


661 




UCCaCCa C ACOGGCX: 


657 


335 


(.LAM^iCXJu C AuCCaCA 


687 


349 


AuGAaCU U GagGGgA 


700 


352 


AGaCTcaU c GaAcAGc 


715 


375 


GADGGCU a CUAUGAG 


717 


376 


AUGGucU C UccGgaG 


713 


378 


GGCUaCa A UGAGGCU 


721 


391 


CDGAcCU C UGCCCaG 


751 


409 


GCaGuAU C CAuAGcU 


759 


416 


CCgCAGU a UCCAuAg 


761 


417 


CAiiAGcU U CCAGAAC 


762 


418 


AuAGcUU C CAGAACC 


763 


433 


UGGGgAU C CAGUGUG 


792 


795 


GGCUCCU U UUCuCAA 


1167 


796 


GCvJCCUU U UCuCAAG 


1163 


797 


CUCCUUU U CuCAAGC 


1169 


798 


UCCUUUU C uCAAGCU 


1182 


829 


UGGCCAU U GUGUUCC 


1183 



cCAGGCU 
AaGCcAU 
UuUgAGU 
AGCGaAU 
AACCCCU 
ACCCCUU 
UuCAcGU 
uCAcGUD 
cGUUCCU 
UUCCDAQ 

UGCGcCa 

CDcuGca 

UCOGCUU 
aAgCCAU 
GGCCCCU 
CcCCUGU 
CUGUCCU 

gucccuu 

CCUCCCU 
UCCUgcU 
AUCCgAU 
CCgAUuU 
CgADuUU 
UGgCcAU 
CCGAGCU 
UCAAGAU 
CGgAACU 
GCuGCCU 
AUGAGAU 
GAGAUCU 
AGAUCUU 
UucUCCU 
AaGACAU 
GAGGUGU 
GGUGCAU 
GUGUAUU 
UGUAUUU 
CGAGGCU 
GAUGAGU 
AUGAGUU 
UGAGUUU 
AUGcUGU 
UGcUGUU 



cuguUCg 
AGcCAGC 
AGauCAg 
CAGACCA 
uCAcGUU 
CAcGUUC 
CCUADAG 
COADAGA 
UAGAgGA 
GAgGAGC 
uGACuUG 
UGCUUCC 
CCAGGUG 
CAGGUGA 
AGcCAGc 
CuCCUGa 
CUcuCaC 
uCaCAUC 
CUCAgCC 
AgCCaug 
CCAUCUc 
XOTJGAuA 
UGAuAAc 
GAqAAcC 
GuGuuCC 
AAGAUCU 
UGCCGAG 
UGGgAGC 
GGUGGGG 
UUCuUgC 
U CuUgCUG 
C uUgCUGU 
c CauUGcG 
U GAGGUGU 
A UUUCACG 
U UCACGGG 
U CACGGGA 
C ACGGGAC 
C CUUUUCu 
U UuCCcCC 
U uCCcCCA 
u CCcCCAU 
U aCCaUCa 
a CCaUCaG 



c 
u 
C 
C 

u 

u 

u 
c 

A 
A 
A 
C 

u 
c 

u 

c 
c 

c 

c 
c 
u 
u 

u 
u 

u 
C 

c 
c 
c 
c 
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834 
835 
845 
849 
872 
883 
885 
905 
906 
919 
936 
937 
942 
953 
962 
965 
973 
986 
996 
1005 
1006 
1015 
1028 
1031 
1032 
1033 
1058 
1064 
1072 
1082 
1083 
1092 
1097 
1098 
1102 
1125 
1127 
1131 
1132 
1133 
1137 
1140 
1153 
1158 
1680 
1681 
1683 
1686 
1690 



AUUGUGOT 
UUGDGUU 
GACuCCU 
CCUCCgO 
cCAGGCa 
UuCGaGQ 
CXSaGOCU 
GCGGCCU 
CGGCCUU 
GcGAGCa 

UGGAgtKJ 
DUCCAGa 
GCCucAU 
AGAuGAU 



CCGGACu 
CGGACUC 
CgOACGC 
C33CCGAC 
CUGDUCG 
DCCADGC 

CuGAuCXS 
uGAuCGc 
AGUGAGC 
CCAGOAC 
CAGGACu 
CuDGCCA 
CAcAuGA 
GcCACCG 



CagUacU u gCCaGAc 
ACCGGAU U GAaGAGA 
GAgACcU u cAAGagu 
AGGACcU A UGAGACC 
GAGACCa U CAAGAGu 
AGACCUU C AAGAGuA 
C 

c 

V 

u 

c 
c 

u 

u 

a 

c 
c 



AGAGuAU 

GAAGAGU 

GAGDCCU 

AGOCCOa 

GUCCUUU 

CCGGCCU 

UaCACCa 

GgCGuAU 

UGUGCCU 

aaGCXOTJ 

CGaAaCU 

CUCAaCU U 

tJCAaCUa C 

CUDCDGO C 

CAGCCCU A 

GCCaUA0 a 

cAUCCCU c 
AcaCCDD c 
UCCaUcU c 
tJUuACuD u AgCgCgc 
cCagCAU C CCUcAGC 
GCACCAU C AACOuUG 
AUCAACU U UGADGAG 
GAAGACU U CUCCtJCC 
AAGACUU C UCCUCCA 
GACUUCU C CUCCADU 
UUCUCCa C CADUGCG 
CCUCCAU U GCGGACA 



ADGAAGA 
CDUDCAa 
DCAauGG 
CAauOGA 
AauGGAC 
CAaCcCG 
GAucCAa 
GCUGDGC 
CCCGaAa 
CCGaAGu 
AaCUUCTJ 
COGDCCC 
DGDCCCC 
CCCAAGC 
caCCDUc 
gCcUUAC 
agCacCA 
cCagCAU 
CagCuUC 



1184 

1187 

1188 

1198 

1209 

1215 

1229 

1237 

1250 

1268 

1279 

1281 

1286 

1309 

1315 

1318 

U31 

U34 

1389 

1413 

1414 

1437 

1441 

1467 

1468 

1482 

1486 

1494 

1500 

1501 

1502 

1525 

1566 

1577 

1579 

1583 

1588 

1622 

1628 

1648 

1660 

1663 

1664 

1665 



GGccccU 
GUccCuU 
DUaCCaU 
GGgAGuU 
CAGcCCa 
cuGGCCa 
GGuCCCTJ 
CCCAgcU 
CCAGcCU 
CCCaGCU 
CCADGGa 
gUGGgcU 
AUgAGuU 
CuCXXIGU 
cCCCAGU 
CAGUuCU 

gGGucca 

CuuUuCT 
ACGCUGU 
CUGCAGC 
UGCAGUa 
GGGGCCa 
CCUUGCU 
GgaGDGU 
gaGOGUU 
CDGGCAU 
CuDCgGU 
GACAACU 
UCaGAGU 
CaGAGUU 
aGAGODU 
gGuGCAU 
ADGGAGa 
UGAaGCU 
AaGCUAU 
UADAACa 
CUCuCCU 
CCCAGCU 
UCCUGCU 
CGGGGCU 
cUGaCCtJ 
cuCDgCa 
uCUgCUD 
CUCgcUU 



C 
C 
C 
c 
C 
u 
u 
u 
A 
C 
C 
C 



C CUcCUGa 
c CQcaGCc 
C aGGGCAG 
u AGuCuGa 
a caCCUUc 
U aGCaCCG 
u CCucAGc 
CUGCCCC 
CAGgCuC 
CuGCCcc 
cCuuCcu 
AGCUgcG 
UccCCCA 
CgAGUCu 
CUAaCCC 
aCCCCgG 
CcCAGuC 
AaGCDGa 
gGAaGCC 
U UGADGcU 
U" GAUGcUG 
U GCUUGGC 
U GGCAACA 
U C\CAGAC 
C ACAGACC 
C uGUgGAC 
a GggAACTJ 
C aGAGOUU 
U UCAGCAG 
U CAGCAGC 
C AGCAGCU 
CCUGUGu 
CCCUGAa 
tIAACDCG 
ACUCGCC 
GCCDgGU 
GaGAggG 
CDGCcCC 
u CggUaGG 
u CCCAAUG 
C ugccCAG 
U cCAGGuG 
c CAGGuGA 
u cGGAGgU 



c 
A 
A 
A 
C 
A 
C 



SUBSTITUTE SHEET (RULE 26) 



wo 95/23225 



PCT/IB95/00156 



227 



1704 
X705 
1707 
1721 
1726 
1731 
1734 
1754 



AUGGACU 
UGGACUU 
GACUDCU 
uuUGAGO 
GUCAGAU 
AUCAGCU 
AGCUCCU 
CaGugCU 



U CUCuGCu 
C UO^GCuC 
C uGCuCUu 
C AGAUCAG 
C AGCUCOJ 
C COAAGGu 
A AGGuGcU 
C CCaAGAG 
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Table 18 
Human rel A 
nt. Position 

19 
22 
26 
93 
94 
100 
103 
105 
106 
129 
138 
148 
151 
180 
181 
186 
204 
217 
239 
262 
268 
276 
301 
303 
310 
323 
326 
335 
349 
352 
375 
376 
378 
391 
409 
416 
417 
418 
433 
795 
796 
797 
798 
829 
834 



HH Target Sequences 
HH Target Sequence 



nt. Position HH Target Sequence 



AAUGGCU 
GGCUCGU 
CGUCOGU 
GAACUGU 
AACOGO0 

Dccccca 
cccDcan 
cucsuDca 

UCADCDU 
CAGGCCO 
GGCCCCa A 
UGGAGA0 C 
AGADCAU U 
ADGCGCU U 
UGCGCO0 
UUCCGCU 
GGGCGCO 
GCAGCAU 
CACAGAtJ 
CCACCAU 
UCAAGAU 
AADGGCa 
UGCGCAU 
CGCTOJCa 
CCCUGGU 
GGACCOJ 
CCCUCCU 
CCGGCCU 
ACGAGCa U 
AGCUUGO A 
GAUGGCa U 
AUGGCUU C 
GGCUUCU A 
CUGAGCa C 
GCUGCAU C 
CCACAGU U 
CACAGUU U 
ACAGUUU C 
UGGGAAU C 
GGCUCCa U 
GCUCCUU U 
CUCCUOU U 

uccuuuu c 

UGGCCAU U 
AUUGUGU U 



c 

A 
C 

c 

A 
C 

c 

A 
C 

c 
c 
c 
c 
c 



GUCUGUA 

GOGCACG 
CCCCCDC 
CCCCUCA 
ADCOOCC 
DOCCCGG 
CCCGGCA 
CCGGCAG 
UGGCCCC 
UGOGGAG 
ADUGAGC 
GAGCAGC 
CCGCOAC 
CGCOACA 
CAAGDGC 
CGCGGGC 
CCAGGCG 
CCACCAA 
AAGADCA 
AAUGGCU 
CACAGGA 
CrCCCtJGG 
CCUGGUC 
ACCAAGG 
CUCACCG 
ACCGGCC 
ACCCCCA 
GUAGGAA 
GGAAAGG 
CUADGAG 
UAUGAGG 
UGAGGCU 
UGCCCGG 
CACAGUU 
UCCAGAA 
CCAGAAC 
CAGAACC 
CAGOGUG 
UDCGCAA 
UCGCAAG 
CGCAAGC 
GCAAGCU 
GUGUUCC 
CCGGACC 



467 
469 
473 
481 
501 
502 
508 
509 
512 
514 
534 
556 
561 
562 
585 
598 
613 
616 
617 
■ 620 
623 
628 
630 
631 
638 
661 
667 
687 
700 
715 
717 
718 
721 
751 
759 
761 
762 
763 
792 
1167 
1168 
1169 
1182 
1183 
1184 



GCAGGCU 
AGGCDAU 
CAUCAGU 
AGCGCAU 
AACCCCU 
ACCCCUU 
UCCAAGU 
CCAAGCU 
AGuUCCU 
DUCCOAU 
GGGGACU 
UGCGGCU 
CUCUGCU 
UOJGCUU 
GACCCAU 
GGCCCCU 
CGCCCGU 



A 
C 
C 
C 

u 
c 
u 
c 

A 
A 
A 
C 

u 
c 
c 
c 
c 



UCAGUCA 

AGUCAGC 

AGCGCAU 

CAGACCA 

CCAAGUU 

CAAGUCC 

CCUAOAG 

CUAUAGA 

UAGAAGA 

GAAGAGC 

CGACCUG 

UGCUUCC 

CCAGGUG 

CAGGUGA 

AGGCAGG 

CGCCUGC 

CUUCCUC 



CUGUCCU U CCDCAUC 
UGUCCUU C CUCAUCC 
CCUDCCU C AUCCCAU 
UCCUCAU C CCAUCUU 
AUCCCAU C UUUGACA, 
CCCAUCU U UGACAAU 
CCAUCUU U GACAAUC 
C 

c 
c 
c 
c 
c 

GAGAUCU U CCUACUG 
AGAUCUU C CUACUGU 
A 
U 
A 
U 

GUGOAUU U CACGGGA 
UGOAUUU C ACGGGAC 
C 

u 

u 

C 

AUGGUGU U UCCUUCU 
UGGUGUU U CCUUCUG 
GGUGUUU C CUUCUGG 



UGACAAU 
CCGAGCU 
UCAAGAU 
CGAAACU 
GCTCCCU 
AUGAGAU 



UCUUCCU 
AGGACAU 
GAGGUGU 
GGUGUAU 



CGAGGCU 
GACGAGU 
AUGAGUU 
UGAGUUU 



GUGCCCC 
AAGAUCU 
UGCCGAG 
UGGCAGC 
GGUGGGG 
UUCCUAC 



CUGUGUG 
GAGGUGU 
UUUCACG 
UCACGGG 



CUUUUCG 
UCCCACC 
CCCACCA 
CCACCAU 
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835 
845 
849 
872 
883 
885 
905 
906 
919 
936 
937 
942 
953 
962 
965 
973 
986 
996 
1005 
1006 
1015 
1028 
1031 
1032 
1033 
1058 
1064 
1072 
1082 
1083 
1092 
1097 
1098 
1102 
1125 
1127 
1131 
1132 
1133 
1137 
1140 
1153 
1158 
1680 
1581 
1683 
1686 
1690 
1704 



UUGUGUU 
GACCCCU 
CCUCCCU 
GCAGGOT 

VGCGuaa 

CGDGUOJ 
GCGGCCa 
CGGCCUU 
GGGAGCU 
ACGGAAU 
UGGAAUU 
UUCCAGU 
GCCAGAU 
AGACGAU 
CGADCGU 
ACCGGAD 
GAAACGU 
AGGACAU 
GAGACCU 
AGACCUU 
AGAGC\U 
GAAGACa 
GAGDCCU 
AGGCOKJ 
GDCCDUU 
CCGGCCCr 
UCCACCU 
GACGCACJ 
UGUGCCXJ 
GOGCCUU 
CGCAGCa 
CUCAGCCJ 
UCAGCUU 
CUUCUGQ 
CAGCCCU 
GCCOJAU 
UAUCCCU 
AUCCCUU 
UCCCUUU 
UUUACGU 
ACGUCAU 
GCACCAU 
AUCAACU 
GAAGACU 
AAGACUU 
GACUUCXJ 

uucuccu 

CCUCCAU 
ADGGACU 



CGGACCC 
CCOACGC 
CXXMAC 
CDGDGCG 
UCCADGC 
CADGCAG 
U CCGACCG 
C CGACCGG 
C AGDGAGC 
U CCAGDAC 
C CAGOACC 
CXXGCCA 
CAGACGA 
GUCACCG 
ACCXXSAU 
GAGGAGA 
AAAGGAC 
tJGAGACC 
CAAGAGC 
AAGAGCA 
AUGAAGA 
CUOUCAG 
UCAGCGG 
CAGCGGA 
AGCXX3AC 
CACCDCG 
GACGCAU 
GCXJSUGC 
U CCCGCAG 
C CCGCAGC 
AGCUUCU 
CUGOCCC 
XJGUCCCC 
CCCAAGC 
UCCCUUU 
CCOOUAC 
U UACGUCA 
U ACGUCAU 
CGUCAUC 
AUCCCUG 
CCUGAGC 
AACUAUG 
UGADGAG 
CUCCUCC 
UCCCJCCA 
CUCCAUU 
CAUUGCG 
U GCGGACA 
U CUCAGCC 



A 
A 
C 
C 

u 

A 
A 
U 
C 
C 
C 

u 
u 
c 
c 

C 

u 



1187 

1188 

1198 

1209 

1215 

1229 

1237 

1250 

1268 

1279 

1281 

1286 

1309 

1315 

1318 

1331 

1334 

1389 

1413 

1414 

1437 

1441 

1467 

1468 

1482 

1486 

1494 

1500 

1501 

1502 

1525 

1566 

1577 

1579 

1583 

1588 

1622 

1628 

1648 

1660 

1663 

1664 

1665 



GUUUCCU 
UUUCCUU 
GGCAGAU 
CAGGCCa 
UCGGCCU 
GGCCCCU 
CCCAAGU 
CG^GGCU 
CCCUGOJ 
CCADGGU 
AUGGUAU 
AUCAGCU 
CCCOJGU 
UCCCAGU 
CAGUCCa 
AGGCCCU 
CCCUCCU 
ACGCUGa 
CUGCAGU 
UGCAGDU 
GGGGCCU 
CCUUGCU 
GCCGOGU 
CDGOGDU 
CUGGCAU 
CAUCCGU 
•GACAACa 
UCCGAGU 
CCGAGUU 
CGAGUDU 
AGGGCAU 
AUGGAGU 
UGAGGCU 
AGGCOAD 
UAUTU^CU 
CUCGCCU 
CCCAGCU 
TXrCUGOJ 
CGGGGCU 
AUGGCOJ 
GCCUCCa 

ccuccoa 
cuccuuu 



U CUGGGCA 
C UGGGCAG 
C AGCCAGG 
C GGCCOUG 
U GGCCCCG 
C CCCAAGU 
CUGCCCC 
CAGCCCC 
CAGCCAU 
UCAGCUC 
AGCUCUG 
UGGCCCA 
CCAGUCC 
CUAGCCC 
GCCCCAG 
CUCAGGC 
AGGCUGU 
AGAGGCC 
UGAUGAU 
GAUGAUG 
U GCUUGGC 
U GGCAACA 
CACAGAC 
ACAGACC 
CGUCGAC 
GACAACU 
CGAGUUU 
UCAGCAG 
CAGCAGC 
AGCAGCU 
CCUGUGG 
CCCUGAG 
UAACUCG 
ACUCGCC 
GCCOAGU 
GUGACAG 
CUGCUCC 
CACUGGG 
CCCAAUG 
CCJUUCAG 
U UCAGGAG 
U CAGGAGA 
C AGGAGAU 



C 
C 
C 
A 
C 
C 
C 

c 

A 

c 
c 
c 
u 
u 



u 
c 
c 
c 
c 
u 
u 
c 

A 
A 
A 
A 

c 

A 
C 

c 
c 
c 
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1705 
1707 
1721 
1726 
1731 
1734 
1754 



UGGACUa C 
GACUUCU C 
GCUGAGU C 
GUCAGAU C 
ADCAGCa C 
AGCUCOJ A 
CDGCCCa C 



UCAGCCC 
AGCCCUG 
AGAUCAG 
AGCOCCD 
OmAGGG 
AGGGGGU 
CCCAGAG 
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Table 19 

Mouse rel A HH JRifaozyme Sequences 

nt- HH Ribozyme Sequence 

Sequence 



19 UCCDGUG CUGAUGAGGCCGAAAGGCCGAA AGCCAUU 

• 22 CACCACG CUC3AUGAGGCCGAAAGGCCGAA AGGAGCU 

26 DGUCCGC CDGAUGAGGCCGAAAGGCCGAA AUGGAGG 

^3 GAGGGGA OJGAUGAGGCCGAAAGGCCGAA ACAGAUC 

54 UGAGGGG CUGAUGAGGCCGAAAGGCCGAA AACAGAD 

GAAAGAa CDGADGAGGCCGXAAGGCCGAA AGGGGAA 
103 AGGGAAA CUGADGAGGCCGAAAGGCCGAA ADGAGGG 

UGAGGGA CUGADGAGGCCGAAAGGCCGAA AGAUGAG 
106 CUGAGGG CDGAU3AGGCCGAAAGGCCGAA AAGAUGA 

^5 AGGCCCA CUGADGAGGCCGAAAGGCCGAA AAGCCUG 

138 CUCCACA CUGADGAGGCCGAAAGGCCGAA AAGGCCC 

GDDCGAD CUGADGAGGCCGAAAGGCCGAA ADCDCCA 
151 GCUGDDC CUGADGAGGCCGAAAGGCCGAA ADGADCU 

180 ADAGCGG CUGADGAGGCCGAAAGGCCGAA ADCGCAU 

181 DAUAGCG CUGADGAGGCCGAAAGGCCGAA AADCGCA 
186 GCADUOA CUGADGAGGCCGAAAGGCCGAA AGCGGAA 
204 GCCCGCD CUGADGAGGCCGAAAGGCCGAA AGCGCCC 
217 CGCCAGG CUGADGAGGCCGAAAGGCCGAA ADACUGC 
239 DUGGOGG CUGADGAGGCCGAAAGGCCGAA AUCUGUG 
262 DGADCDD CDGADGAGGCCGAAAGGCCGAA ADGGUGG 

AGCCADD CUGADGAGGCCGAAAGGCCGAA AUCUUGA 
276 UCCDGDG CUGADGAGGCCGAAAGGCCGAA AGCCADD 

301 CCAGGGA CUGADGAGGCCGAAAGGCCGAA AUDCGAA 

303 GACCAGG CUGADGAGGCCGAAAGGCCGAA AGAUUCG 

310 CCDDGGU CUGADGAGGCCGAAAGGCCGAA ACCAGGG 

^23 UCAGGAG CUGADGAGGCCGAAAGGCCGAA AGGGGCC 

GGCCGGD CUGADGAGGCCGAAAGGCCGAA AGGUGGA 
DGDGGAU CUGADGAGGCCGAAAGGCCGAA AGGCCGG 
249 DCCCCAC CDGADGAGGCCGAAAGGCCGAA AGDUCAU 

352 GCOGUDC CUGADGAGGCCGAAAGGCCGAA AUGADCU 

375 CUCAUAG CUGADGAGGCCGAAAGGCCGAA AGCCAUC 

376 CUCCGGA CDGADGAGGCCGAAAGGCCGAA AGACCAU 
278 AGCCUCA CDGADGAGGCCGAAAGGCCGAA AGUAGCC 

CUGGGCA CUGADGAGGCCGAAAGGCCGAA AGGDCAG 
409 AGCUADG CDGADGAGGCCGAAAGGCCGAA ADACUGC 

CUADGGA CUGAUGAGGCCGAAAGGCCGAA ACUGCGG 

417 GDDCUGG CUGADGAGGCCGAAAGGCCGAA AGCUADG 

418 GGDDCUG CUGADGAGGCCGAAAGGCCGAA AAGCUAD 
433 CACACUG CUGADGAGGCCGAAAGGCCGAA ADCCCCA 
467 CGAACAG CUGAUGAGGCCGAAAGGCCGAA AGCCUGG 
469 GCDGGCU CUGAUGAGGCCGAAAGGCCGAA AUGGCUU 
473 CUGAUCU CDGADGAGGCCGAAAGGCCGAA ACUCAAA 

UGGUCDG CDGADGAGGCCGAAAGGCCGAA ADUCGCU 



481 
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501 AACGUGA CUGAOGAGGCCGAAAGGCCGAA AGGGGUU 

502 GAACGDG CUGAUGAGGCCGAAAGGCCGAA AAGGGGD 

508 COAUAGG CUGAUGAGGCCGAAAGGCCGAA ACGUGAA 

509 UCnAUAG CUGAUGAGGCCGAAAGGCCGAA AACGUGA 
512 UCCDCOA CUGAtXSAGGCCGAAAGGCCaAA AGGAACG 
514 GCUCCUC CUGAUGAGGCCGAAAGGCCGAA AUAGGAA 
534 CAAGOCA CUGAUGAGGCCGAAAGGCCGAA AGUCCCC 
556 GGAAGCA CUGAUGAGGCCGAAAGGCCGAA AGGCGCA 
561 CACCUGG CUGAUGAGGCCGAAAGGCCGAA AGCAGAG 
5o2 UCACCUG CUGAUGAGGCCGAAAGGCCGAA AAGCAGA 
585 GCUGGCU CUGAUGAGGCCGAAAGGCCGAA AUGGCUU 
598 UCAGGAG CUGAUGAGGCCGAAAGGCCGAA AGGGGCC 

GUGAGAG CUGAUGAGGCCGAAAGGCCGAA ACAGGGG 

53.6 GAUGUGA CUGAUGAGGCCGAAAGGCCGAA AGGACAG 

5^*7 GGCUGAG CUGAUGAGGCCGAAAGGCCGAA AAGGGAC 

520 CAUGGCU CUGAUGAGGCCGAAAGGCCGAA AGGAAGG 

523 GAGAUGG CUGAUGAGGCCGAAAGGCCGAA AGCAGGA 

528 OAUC AAA CUGAUGAGGCCGAAAGGCCGAA AUCGGAU 

530 GUOADCA CUGADSAGGCCGAAAGGCCGAA AAAUCGG 

531 GGUUAUC CUGADSAGGCCGAAAGGCCGAA AAAAUCG 
538 GGAACAC CUGAUGAGGCCGAAAGGCCGAA AUGGCCA 
661 AGAUCUU CUGAUGAGGCCGAAAGGCCGAA AGCUCGG 
557 CUCGGCA CUGAUGAGGCCGAAAGGCCGAA AUCUUGA 
587 GCUCCCA CUGAUGAGGCCGAAAGGCCGAA AGUUCCG 
700 CCCCACC CUGAUGAGGCCGAAAGGCCGAA AGGCAGC 
"^^^ GCAAGAA CUGAUGAGGCCGAAAGGCCGAA AUCUCAU 
"^^^ CAGCAAG CUGAUGAGGCCGAAAGGCCGAA AGAUCUC 
"^^^ ACAGCAA CUGAUGAGGCCGAAAGGCCGAA AAGAUCU 
721 CGCAAUG CUGAUGAGGCCGAAAGGCCGAA AGGAGAA 
751 ACACCUC CUGAUGAGGCCGAAAGGCCGAA AUGUCUU 
■^^^ CGUGAAA CUGAUGAGGCCGAAAGGCCGAA ACACCUC 
"^51 CCCGUGA CUGAUGAGGCCGAAAGGCCGAA AUACACC 
"^52 TCCCGUG CUGAUGAGGCCGAAAGGCCGAA AAUACAC 
"^53 GUCCCGU CUGAUGAGGCCGAAAGGCCGAA AAAUACA 
"^^2 AGAAAAG CUGAUGAGGCCGAAAGGCCGAA AGCCUCG 
■^^5 UUGAGAA CUGAUGAGGCCGAAAGGCCGAA AGGAGCC 
795 CUUGAGA CUGAUGAGGCCGAAAGGCCGAA AAGGAGC 
'^^'^ GCUUGAG CUGAUGAGGCCGAAAGGCCGAA AAAGGAG 
"^^S AGCUUGA CUGAUGAGGCCGAAAGGCCGAA AAAAGGA 
^29 GGAACAC CUGAUGAGGCCGAAAGGCCGAA AUGGCCA 
834 AGUCCGG CUGAUGAGGCCGAAAGGCCGAA ACACAAU 

GAGUCCG CUGAUGAGGCCGAAAGGCCGAA AACACAA 

845 GCGUACG CUGAUGAGGCCGAAAGGCCGAA AGGAGUC 

849 GUCGGCG CUGAUGAGGCCGAAAGGCCGAA ACGGAGG 

872 CGAACAG CUGAUGAGGCCGAAAGGCCGAA AGCCUGG 

883 GCAUGGA CUGAUGAGGCCGAAAGGCCGAA ACUCGAA 

885 CUGCAUG CUGAUGAGGCCGAAAGGCCGAA AGACUCG 

905 CGAUCAG CUGAUGAGGCCGAAAGGCCGAA AGGCCGC 

906 GCGAUCA CUGAUGAGGCCGAAAGGCCGAA AAGGCCG 



SUBSTITUTE SHEET (RULE 26) 



wo 95/23225 



919 
936 
937 
942 
953 
962 
965 
. 973 
986 
996 
1005 
1006 
1015 
1028 
1031 
1032 
1033 
1058 
1064 
1072 
1082 
1083 
1092 
1097 
1098 
1102 
1125 
1127 
1131 
1132 
1133 
1137 
1140 
1153 
1158 
1167 
1168 
1169 
1182 
1183 
1184 
1187 
1188 
1198 
1209 
1215 
1229 
1237 
1250 



PCT/IB95/00156 



233 



GCUCACU 
GOACUGG 
AGCACUG 
UGGCAAG 
UCAUGOG 
CGGOGGC 
GUCUGGC 
UCUCUDC 
ACUCUOG 
GGUOJOl 
ACUCUUG 
UACUCUU 
UCUDCAU 
UUGAAAG 
CCADUGA 
UCCADDG 
GUCCADa 
CGGGDUG 
DDGGADC 
GCACAGC 
DUUCGGG 
ACUUCGG 
AGAAGUa 
GGGACAG 
GGGGACA 
GCUUGGG 
GAAGGUG 
GUAAGGC 
UGGUGCa 
AUGCDGG 
GAAGCXJG 
GCGCGCa 
GCDGAGG 
CAAAGUO 
CXJCAUCA 
GGGGGAA 
UGGGGGA 
AUGGGGG 
UGAUGGU 
CUGAUGG 
UCAGGAG 
GGCUGAG 
CUGCCrU 
UCAGACU 
GAAGGOG 
CGGaCCU 
GCUGAGG 
GGGGCAG 
GAGCOJG 



COGAUGAGGCCGAAAGGCCGAA AGCUCGC 
CUGADGAGGCCGAAAGGCCGAA ACUCCAU 
CCTGACIGAGGCCGAAAGGCCGAA AACUCCA. 
CUGAUGAGGCCGAAAGGCCGAA AOJGGAA 
COGAUGAGGCCGAAAGGCCGAA ADGAGGC 
^^^^^^^^^^^'=^^^^'^5^^ AUCADOJ 

^^^^'^^^^^^^"^aggccga;^^ agoacug 

CUGAUGAGGCCGAAAGGCCGAA ADCCGGU 
^^^''^^^^^^^^^^^^GC^ AGGDCUC 
CUGADGAGGCCQAAAGGCCGAA AGGUCCU 
CUGADGAGGCCGAAAGGCCGAA AGGUCUC 

AAGGOCU 

COGAUGAGGCCGAAAGGCCGAA AUACUCU 
COGAUGAGGCCGAAAGGCCGAA ACUCUUC 
^^^^^^^^'^^^^^^^'^^ AGGACUC 
COGAUGAGGCCGAAAGGCCGAA AAGGACU 
^^"^^^^^'^^'^^SGCCGAA AAAGGAC 
^^^'^^^^^"^^'^^^CCC^ AGGCCGG 

AGGOGOA 

^^^^'™°"3AGGCCGAAAGGCCGAA AUACGCC 
^^^^^^^SAGGCCGAAAGGCCGAA AGGCACA 

AAGGCOU 

*=^^^^^5^^0^2^^GGCCGAAAGGCCGAA AGUUUCG 
^^^^^'^^^^^^^^^^^^^^ AGUUGAG 
^^^^^'^^^^^^^^SGCCGAAAGGCCGAA AAGOUGA 
^^^^^^^AOGAGGCCGAAAGGCCGAA ACAGAAG 
COGAUGAGGCCGAAAGGCCGAA AGGGOJG 
^^°^^^^°'SAGGCCGAAAGGCCGAA ADADGGC 
^'^^^^'^^^^^'^GGCCG^^^ AGGGAUG 
COGAUGAGGCCGAAAGGCCGAA AAGGUGO 
^^^^^^^^'^^^'^^^ AGADGGA 
™'^^^^°'^^'^*3^5CCG^ AAGOAAA 
COGAUGAGGCCGAAAGGCCGAA AOGCUGG 
COGAUGAGGCCGAAAGGCCGAA AUGGUGC 
COGAUGAGGCCGAAAGGCCGAA AGOOGAU 
COGAUGAGGCCGAAAGGCCGAA ACUCAUC 

AACUCAU 

COGAUGAGGCCGAAAGGCCGAA AAACUCA 
COGAUGAGGCCGAAAGGCCGAA ACAGCAU 
^^^^^^'^^^^^'^^^^^^^^^^^ AACAGCA 
COGAUGAGGCCGAAAGGCCGAA AGGGGCC 
COGAUGAGGCCGAAAGGCCGAA AAGGGAC 
C^^'^^^^^^^^^^^^^^C^ AUGGOAA 
COGAUGAGGCCGAAAGGCCGAA AACUCCC 
COGAUGAGGCCGAAAGGCCGAA AGGGCUG 
COGAUGAGGCCGAAAGGCCGAA AGGCCAG 
COGAUGAGGCCGAAAGGCCGAA AGGGACC 
COGAUGAGGCCGAAAGGCCGAA AGCUGGG 
COGAUGAGGCCGAAAGGCCGAA AGGCUGG 
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1268 

1279 

1281 

1286 

1309 

1315 

1318 

1331 

1334 

1389 

1413 

1414 

1437 

1441 

1467 

1466 

1482 

1486 

1494 

1500 

1501 

1502 

1525 

1566 

1577 

1579 

1583 

1588 

1622 

1628 

1648 

1660 

1663 

1664 

1665 

1680 

1681 

1683 

1686 

1690 

1704 

1705 

1707 

1721 

1726 

1731 

1734 

1754 



GGGGCAG 
AGGAAGG 
CGCAGCU 
DGGGGGA 
AGACUCG 
GGGDUAG 
CCGGGGU 
GACOGGG 

GGCUUCC 
AGCADCA 
CAGCAUC 
GCCAAGC 
UGUUGCC 
GUCOGOG 
GGUCUOT 
GOCCaCA 
AGUCCCC 
AAACUCU 
CUGCUGA 
GCUGCUG 
AGCUGCU 
ACACAGG 
UUCAGGG 
CGAGUOA 
GGCGAGU 
ACCAGGC 
CCCUCUC 
GGGGCAG 
COXACCG 
CAOUGGG 
CDGGGCA 
CACCOGG 
UCACCOG 
ACCaCCG 
GGAGGAG 
UGGAGGA 
AAUGGAG 
CGCAAUG 
UGUCCGC 
AGCAGAG 
GAGCAGA 
AAGAGCA 
CUGAXJCU 
AGGAGCa 
ACCUUAG 
A.GCACaj 
CUCUUGG 



CGGADGAGGCCGAAAGGCCGAA AGCUGGG 
C0C3ADGAGGCCGAAAGGCCGAA ACCAUGG 
CDGADGAGGCCGAAAGGCCGAA AGCCCAC 
CUGADGAGGCCGAAAGGCCGAA AACUCAU 
COGAUGAGGCCGAAAGGCCGAA ACAGGAG 
roSAUGAGGCCGAAAGGCCGAA ACUGGGG 
^^^^^^^^^^^'SaGGCCGAAAGG^^ AGAACUG 
^^^^'^^^^^'SaGGCCGAAAGGCCGAA AGGACCC 
^^^^"SADGAGGCCGAAAGGCCGAA AGAAAAG 
CDGADGAGGCCGAAAGGCCGAA ACAGCGU 
CDGADGAGGCXTGAAAGGCCGAA ACUGCAG 
CCKSADGAGGCCGAAAGGCCGAA AACCGCA 
COGACGAGGCCGAAAGGCCGAA AGGCCCC 
COGAIXSAGGCCGAAAGGCCGAA AGCAAGG 
CDGADGAGGCCGAAAGGCCGAA ACACDCC 
•^^^^^^^DGAGGCCGAAAGGCCGAA AACACDC 
CDGADGAGGCCGAAAGGCCGAA ADGCCAG 
CDGADGAGGCCGAAAGGCCGAA ACCGAAG 
CDGADGAGGCCGAAAGGCCGAA AGDDGDC 
CDGADGAGGCCGAAAGGCCGAA ACDCDGA 
CDGADGAGGCCGAAAGGCCGAA AACDCUG 
CDGADGAGGCCGAAAGGCCGAA AAACDCD 
CDGADGAGGCCGAAAGGCCGAA AD-GCACC 
CDGADGAGGCCGAAAGGCCGAA ACDCCAU 
^^^^^^'^^^^DGAGGCCGAAAGGCCGAA AGCDDCA 
CDGADGAGGCCGAAAGGCCGAA ADAGCUU 
CDGADGAGGCCGAAAGGCCGAA AGDDAUA 
CDGADGAGGCCGAAAGGCCGAA AGGAGAG 
CDCSADGAGGCCGAAAGGCCGAA AGCDGGG 
CDGADGAGGCCGAAAGGCCGAA AGCAGGA 
CDGADGAGGCCGAAAGGCCGAA AGCCCCG 
CDGADGAGGCCGAAAGGCCGAA AGGDCAG 
CDGADGAGGCCGAAAGGCCGAA AGCAGAG 
CDGADGAGGCCGAAAGGCCGAA AAGCAGA 
'^^^^^^^^^'GAGGCCGAAAGGCCGAA AAGCGAG 
^^^^'^^^^DGAGGCCGAAAGGCCGAA AGDCUDC 
CDGADGAGGCCGAAAGGCCGAA AAGDCDU 
™"2ADGAGGCCGAAAGGCCGAA AGAAGDC 
CDGAUSAGGCCGAAAGGCCGAA AGGAGAA 
CDGADGAGGCCGAAAGGCCGAA ADGGAGG 
CDGADGAGGCCGAAAGGCCGAA AGDCCAD 
CDGADGAGGCCGAAAGGCCGAA AAGDCCA 
CDGADGAGGCCGAAAGGCCGAA AGAAGDC 
CDGADGAGGCCGAAAGGCCGAA AOJCAAA 
CDGADGAGGCCGAAAGGCCGAA ADCDG;iC 
CDGADGAGGCCGAAAC-GCCGAA AGCDGAD 
CDGADGAGGCCGAAAGGCCGAA AGGAGCD 
CDGADGAGGCCGAAAGGCCGAA AGCACUG 
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Table 20 

Human relA HH Ribozyme Sequences 

nt. Position HH Ribozyme Sequences 

19 UaCAGAC CDGAUGAGGCCGAAAGGCCGAA AGCCAUU 

22 CACOACA CUGADGAGGCCGAAAGGCCGAA ACGAGCC 

26 CGUGCAC COGAUGAGGCCGAAAGGCCGAA ACAGACG 

^2 GAGGGGG CUGADGAGGCCGAAAGGCXXAA ACAGDUC 

34 UGAGGGG CDGADGaCGCCGAAAGGCCGAA AACAGDU 

100 C5GAAGAU CDGADGAGGCCGAAAGGCCQAA AGGC3GGA 

103 CCGGGAA CDGADGAGGCXGAAAGGCCGAA AUGAGGG 

105 UGCCGGG CUGADGaCGCCGAAAGGCCGAA AGADGAG 

106 CUGCCGG CUGATCAGGCCGAAAGGCCGAA AAGAUGA 
129 GGGGCCA CDGADGAGGCCGAAAGGCCGAA AGGCCUG 

CUCCACA CDGAUGAGGCCGAAAGGCCGAA AGGGGCC 

148 GCOCAAU CDGADGAGGCCGAAAGGCCGAA ADCDCCA 

^51 GCDGCDC CDGADGAGGCCGAAAGGCCGAA AUGADCD 

^30 GDAGCGG CDGADGAGGCCGAAAGGCCGAA AGCGCAU 

^51 DGUAGCG CDGADGAGGCCGAAAGGCCGAA AAGCGCA 

186 GCACDDG CDGADGAGGCCGAAAGGCCGAA AGCGGAA 
GCCCGCG CDGADGAGGCCGAAAGGCCGAA AGCGCCC 

217 CGCC03G CDGADGAGGCCGAAAGGCCGAA ADGCDGC 

239 DDGGUGG CDGADGAGGCCGAAAGGCCGAA AUCDGDG 

262 DGADCDD CDGADGAGGCCGAAAGGCCGAA AUGGDGG 

268 AGCCADD CDGADGAGGCCGAAAGGCCGAA AUCDDGA 

276 DCCDGDG CDGADGAGGCCGAAAGGCCGAA AGCCAUU 

301 CCAGGGA CDGADGAGGCCGAAAGGCCGAA ADGCGCA 

303 GACCAGG CDGAUGAGGCCGAAAGGCCGAA AGADGCG 
CCUDGGU CDGADGAGGCCGAAAGGCCGAA ACCAGGG 

323 CGGDGAG CDGADGAGGCCGAAAGGCCGAA AGGGUCC 

326 GGCCGGD CDGADGAGGCCGAAAGGCCGAA AGGAGGG 

335 DGGGGGU CDGADGAGGCCGAAAGGCCGAA AGGCCGG 

349 DDCCUAC CTOADGAGGCCGAAAGGCCGAA AGCUCGU 

352 CCUDUCC CDGADGAGGCCGAAAGGCCGAA ACAAGCU 

^■^^ CUCAUAG CDGADGAGGCCGAAAGGCCGAA AGCCAUC 

376 CCUCAUA CDGAUGAGGCCGAAAGGCCGAA AAGCCAU 

^"^^ AGCCDCA CUGADGAGGCCGAAAGGCCGAA AGAAGCC 

391 CCGGGCA CDGADGAGGCCGAAAGGCCGAA AGCUCAG 

409 AACUGUG CUGADGAGGCCGAAAGGCCGAA ADGCAGC 

416 DDCDGGA CDGADGAGGCCGAAAGGCCGAA ACUGUGG 

417 GUUCUGG CUGADGAGGCCGAAAGGCCGAA AACDGUG 

418 GGUUCUG CDGADGAGGCCGAAAGGCCGAA AAACDGU 
433 CACACDG CDGADGAGGCCGAAAGGCCGAA AUUCCCA 
467 DGACUGA CUGAUGAGGCCGAAAGGCCGAA AGCCUGC 
469 GCUGACU CUGADGAGGCCGAAAGGCCGAA ADAGCOJ 
473 AUGCGCU CUGAUGAGGCCGAAAGGCCGAA ACUGAUA 
481 UGGUCUG CUGAUGAGGCCGAAAGGCCGAA AUGCGCU 
501 AACUUGG CUGAUGAGGCCGAAAGGCCGAA AGGGGUU 
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502 GAACUUG CUGAIJSAGGCCGAAAGGCCGAA AAGGGGU 

508 CmnAGG CUGAUGAGGCCGAAAGGCOSAA. ACUUGGA 

509 UCUAUAG CDGAIJGAGGCCGAAAGGCCGAA AACOOGG 
512 UCUDCUA CUGADGAGGCCXSAAAGGCCGAA AGGAACU 
514 GCUCUUC CTGAUGAGGCCGAAAGGCCGAA ADAGGAA 
534 CAGGUCG CDGADGAGGCCGAAAGGCCGAA AGDCCCX: 
556 GGAAGCA CUGADGAGGCCGAAAGGCCGAA AGCCGCA 

561 CACCDGG CCK3AUGAGGCCGAAAGGCCGAA AGCAGAG 

562 UCACCUG CDGADGAGGCCGAAAGGCCGAA AAGCAGA 
585 CCUGCCU COGADGAGGCCGAAAGGCCGAA ADGGGtK: 
598 GCAGGCG CCGAITGAGGCCGAAAGGCCGAA AGGGGCC 
613 GAGGAAG CUGAUGAGGCCGAAAGGCCXSAA ACAGGCG 

616 GAUGAGG CUGAGGAGGCCGAAAGGCCGAA AGGACAG 

617 GGAIJGAG CUGADGAGGCCGAAAGGCCGAA AAGGACA 
620 AUGGGAU CCGACGAGGCCGAAAGGCCGAA AGGAAGG 
623 AAGADGG CUGAUGAGGCCGAAAGGCCGAA ADGAGGA 
628 XJGaCAAA CUGADGAGGCCGAAAGGCCGAA ADGGGAD 

630 AUDGDCA COGADGAGGCCGAAAGGCCGAA AGADGGG 

631 GAUUGUC CUGAUGAGGCCGAAAGGCCGAA AAGADGG 
638 GGGGCAC CUGADGAGGCCGAAAGGCCGAA AUDGDCA 
661 AGAUCUU CUGAUGAGGCCGAAAGGCCGAA AGCUCGG 
667 CUCGGCA CUGAUGAGGCCGAAAGGCCGAA AUCDIX3A 
687 GCUGCCA CUGAUGAGGCCGAAAGGCCGAA AGUUDCG 
700 CCCCACC CUGADGAGGCCGAAAGGCCGAA AGGCAGC 
715 GUAGGAA CUGADGAGGCCGAAAGGCCGAA AUCUCAU 

717 CAGUAGG CUGADGAGGCCGAAAGGCCGAA AGADCUC 

718 ACAGUAG CUGAUGAGGCCGAAAGGCCGAA AAGADCU 
721 GACACAG CUGADGAGGCCGAAAGGCCGAA AGGAAGA 
751 ACACCUC CUaUGAGGCCGAAAGGCCGAA ADGIKTCU 
759 CGUGAAA CUGADGAGGCCGAAAGGCCGAA ACACCUC 

761 CCCGUGA CUGADGAGGCCGAAAGGCCGAA AUACACC 

762 UCCCGUG CUGADGAGGCCGAAAGGCCGAA AAOACAC 

763 GUCCCGU CUGADGAGGCCGAAAGGCCGAA AAADACA 
792 CGAAAAG CUGADGAGGCCGAAAGGCCGAA AGCCUCG 

795 DUGCGAA CDGADGAGGCCGAAAGGCCGAA AGGAGCC 

796 CUUGCGA CUGAUGAGGCCGAAAGGCCGAA AAGGAGC 

797 GCUUGCG CUGADGAGGCCGAAAGGCCGAA AAAGGAG 

798 AGCUUGC CUGAUGAGGCCGAAAGGCCGAA AAAAGGA 
829 GGAACAC CUGADGAGGCCGAAAGGCCGAA ADGGCCA 

834 GGUCCGG CUGAUGAGGCCGAAAGGCCGAA ACACAAU 

835 GGGUCCG CUGADGAGGCCGAAAGGCCGAA AACACAA 
845 GCGUAGG CUGAUGAGGCCGAAAGGCCGAA AGGGGUC 
849 GUCUGCG CUGADGAGGCCGAAAGGCCGAA AGGGAGG 
372 CGCACAG CUGAUGAGGCCGAAAGGCCGAA AGCCUGC 
883 GCAUGGA CUGAUGAGGCCGAAAGGCCGAA ACACGCA 
885 CUGCAUG CUGAUGAGGCCGAAAGGCCGAA AGACACG 

905 CGGUCGG CDGAUGAjGGCCGAAAGGCCGAA AGGCCGC 

906 CCGGUCG CUGAUGAGGCCGAAAGGCCGAA AAGGCCG 
919 GCUCACU CUGAUGAGGCCGAAAGGCCGAA AGCUCCC 
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936 
937 
942 
953 
962 
965 
973 
986 
996 
1005 
1006 
1015 
1028 
1031 
1032 
1033 
1058 
1064 
1072 
1082 
1083 
1092 
1097. 
1098 
1102 
1125 
1127 
1131 
1132 
1133 
1137 
1140 
1153 
1158 
1167 
1168 
1169 
1182 
1183 
1184 
1187 
1188 
1198 
1209 
1215 
1229 
1237 
1250 
1268 



GUACUGG OJGAUGAGGCCGAAAGGCCa^ AUUCCAU 
GGUACUG CtJGAUGAGGCCGAAAGGCCGAA AAUUCCA 
UGGCAGG CUGAUGAGGCCGAAiUSGCCGAA ACUGGAA 
UCGUCUG CUGAUGAGGCCGAAAGGCCXSAA AUCUGGC 
CGGUGAC CUGAUGAGGCCGAAAGGCCGAA AUCGUCa 
ADCCGGU CDGADGAGGCCGAAAGGCCGAA ACGAUCG 
UCUCCOC CDGADGAGGCCGAAAGGCCGAA AUCCGGU 
GDCCODU CUGAUGAGGCCGAAAGGCCGAA ACGUOUC 
GGOCUCA CUGAUGAGGCCGAAAGGCCGAA AUGUCCU 
GCUCUUG CUGAUGAGGCCGAAAGGCCGAA ?iGC^yJCrjC 
UGCUCUU CUGAUGAGGCCGAAAGGCCGAA AAGGUCU 
UCUDCAU COGAUGAGGCCGAAAGGCCGAA AUGCUCU 
CUGAAAG CUGAUGAGGCCGAAAGGCCGAA ACUCUUC 
CCGCUGA CUGAUGAGGCCGAAAGGCCGAA AGGACUC 
UCCGCUG CUGAUGAGGCCGAAAGGCCGAA AAGGACU 
GUCCGCU CUGAUGAGGCCGAAAGGCCGAA AAAGGAC 
CGAGGUG CUGAUGAGGCCGAAAGGCCGAA AGGCCGG 
AUGCGOC CUGAUGAGGCCGAAAGGCCGAA AGGDGGA 
GCACAGC CUGAUGAGGCCGAAAGGCCGAA AUGCGUC 
CUGCGGG CUGAUGAGGCCGAAAGGCCGAA AGGCACA 
GCUGCGG CUGAUGAGGCCGAAAGGCCGAA AAGGCAC 
AGAAGCU CUGAUGAGGCCGAAAGGCCGAA AGCUGCG 
GGGACAG CUGAUGAGGCCGAAAGGCCGAA AGCDGAG 
GGGGACA CUGAUGAGGCCGAAAGGCCGAA AAGCUGA 
GCUUGGG CDGADGAGGCCGAAAGGCCGAA ACAGAAG 
AAAGGGA CUGADGAGGCCGAAAGGCCGAA AGGGCUG 
GUAAAGG CUGADGAGGCCGAAAGGCCGAA ADAGGGC 
UGACGUA CUGAUGAGGCCGAAAGGCCGAA AGGGAUA 
AUGACGU CUGAUGAGGCCGAAAGGCCGAA AAGGGAU 
GAUGACG CUGADGAGGCCGAAAGGCCGAA AAAGGGA 
CAGGGAU CUGAUGAGGCCGAAAGGCCGAA ACGDAAA 
GCUCAGG COGAUGAGGCCGAAAGGCCGAA AUGACGU 
CAUAGUU CUGAUGAGGCCGAAAGGCCGAA ADGGUGC 
CUCAUCA CUGAUGAGGCCGAAAGGCCGAA AGUUGAU 
GGUGGGA CUGAUGAGGCCGAAAGGCCGAA ACDCAUC 
UGGUGGG CUGAUGAGGCCGAAAGGCCGAA AACUCAU 
AUGGUGG CDGADGAGGCCGAAAGGCCGAA AAACUCA 
AGAAGGA CUGAUGAGGCCGAAAGGCCGAA ACACCAU 
CAGAAGG CUGAUGAGGCCGAAAGGCCGAA AACACeA 
CCAGAAG COGAUGAGGCCGAAAGGCCGAA AAACACC 
UGCCCAG CUGAUGAGGCCGAAAGGCCGAA AGGAAAC 
CUGCCCA CDGADGAGGCCGAAAGGCCGAA AAGGAAA 
CCDGGCD COGAUGAGGCCGAAAGGCCGAA AUCUGCC 
CAAGGCC COGAUGAGGCCGAAAGGCCGAA AGGCCUG 
CGGGGCC CUGAUGAGGCCGAAAGGCCGAA AGGCCGA 
ACUUGGG COGAUGAGGCCGAAAGGCCGAA AGGGGCC 
GGGGCAG CDGAOSAGGCCGAAAGGCCGAA ACUUGGG 
GGGGCUG CUGAUGAGGCCGAAAGGCCGAA AGCCUGG 
AUGGCUG COGAUGAGGCCGAAAGGCCGAA AGCAGGG 
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1279 

1281 

1286 

1309 

1315 

1318 

1331 

1334 

1389 

1413 

1414 

1437 

1441 

1467 

1468 

1482 

1486 

1494 

1500 

1501 

1502 

1525 

1566 

1577 

1579 

1583 

1588 

1622 

1628 

1648 

1660 

1663 

1664 

1665 

1680 

1681 

1683 

1686 

1690 

1704 

1705 

1707 

1721 

1726 

1731 

1734 

1754 



GAGCUGA CDGADGAGGCCGAAAGGCCGAA ACCATrGG 
CAGAGCD CUGADGAGGCCGAAAGGCCGAA ADACCAU 
roCGCCA CUGADGAGGCXXSAAAGGCCGAA AGCOGAU 
GGACUGG COGADGAGGCCGAAAGGCCGAA ACAGGGG 
GGGCUAG CDGAOGAGGCCGAAAGGCCGAA ACUGGGA 
CUGGGGC COGADGAGGCCGAAAGGCCGAA AGGACUG 
GCCOGAG CDGAUGAGGCCGAAAGGCCGAA AGGGCCU 
ACAGCCU COGADGAGGCCGAAAGGCCGAA AGGAGGG 
GGCCDCD CDGAOSAGGCCGAAAGGCCGAA ACAGCGD 
ADCADCA CDGADGAGGCCGAAAGGCCGAA ACDGCAG 
CADCADC CDGADGAGGCCGAAAGGCCGAA AACDGCA 
GCCAAGC CDGADGAGGCCGAAAGGCCGAA AGGCCCC 
roUCGCC CDGADGAGGCCGAAAGGCCGAA AGCAAGG 
GDCDGUG CDGADGAGGCCGAAAGGCCGAA ACACAGC 
GGDCDGD CDGADGAGGCCGAAAGGCCGAA AACACAG 
GDCGACG CDGADGAGGCCGAAAGGCCGAA ADGCCAG 
AGUDGDC CDGADGAGGCCGAAAGGCCGAA ACGGADG 
AAACOCG CDGADGAGGCCGAAAGGCCGAA AGDDGDC 
CDGCDGA CDGADGAGGCCGAAAGGCCGAA ACDCGGA 
GCDGCDG CDGADGAGGCCGAAAGGCCGAA AACDCGG 
AGCDGCD CDGAUGAGGCCGAAAGGCCGAA AAACDCG 
CCACAGG COGADGAGGCCGAAAGGCCGAA ADGCCCU 
CUCAGGG CDGADGAGGCCGAAAGGCCGAA ACDCCAU 
CGAGDDA CDGADGAGGCCGAAAGGCCGAA AGCCDCA 
GGCGAGU CDGADGAGGCCGAAAGGCCGAA ADAGCCO 
ACOAGGC COGADGAGGCCGAAAGGCCGAA AGDDADA 
CDGDCAC CDGADGAGGCCGAAAGGCCGAA AGGCGAG 
GGAGCAG CDGADGAGGCCGAAAGGCCGAA AGCDGGG 
CCCAGDG CDGADGAGGCCGAAAGGCCGAA AGCAGGA 
CADDGGG CDGADGAGGCCGAAAGGCCGAA AGCCCCG 
CDGAAAG COGADGAGGCCGAAAGGCCGAA AGGCCAD 
CDCCDGA CDGADGAGGCCGAAAGGCCGAA AGGAGGC 
^^^COCCDG CDGADGAGGCCGAAAGGCCGAA AAGGAGG 
ADCDCCD CDGADGAGGCCGAAAGGCCGAA AAAGGAG 
GGAGGAG CDGADGAGGCCGAAAGGCCGAA AGDCDDC 
^KSGAGGA COGaOGAGGCCGAAAGGCCGAA AAGDCDD 
AADGGAG CDGADGAGGCCGAAAGGCCGAA AGAAGUC 
CGCAADG COGADGAGGCCGAAAGGCCGAA AGGAGAA 
DGDCCGC CDGADGAGGCCGAAAGGCCGAA ADGGAGG 
GGCDGAG COGADGAGGCCGAAAGGCCGAA AGDCCAU 
GGGCOGA COGADGAGGCCGAAAGGCCGAA AAGDCCA 
CAGGGCU COGADGAGGCCGAAAGGCCGAA AGAAGDC 
CDGAUCD COGADGAGGCCGAAAGGCCGAA ACDCAGC 
AGGAGCU CDGAUGAGGCCGAAAGGCCGAA AUGUGAC 
CCCDDAG CDGAUGAGGCCGAAAGGCCGAA AGCUGAU 
ACCCCCD COGADGAGGCCGAAAGGCCGAA AGGAGCU 
CDCDGGG COGADGAGGCCGAAAGGCCGAA AGGGCAG 
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Table 23: Human TNF-a HH Ribozyme Target Sequence 



nt . 




at • 


oji Taarget SeQuenc 


Position 




Position 


28 


GGCAGGCT U CUOJUCC 






29 


GCAGGUU C DCUDCCa 


321 


GUCAjGAU C AnCTjUrTT 


31 


AGGUnCU C ODCCDCtJ 


324 


AGAUCAU C OUCTJre^A 


33 


GUUCUCU u ccucacA 


326 


ADCAUCD TJ CTTfYjaar' 


34 


Uu^TjLAJU C CUCOCAC 


327 


UCAUCUU C npraarr^ 


37 


UCUtJCCD C UCaCA.UA 


329 


ADCUUCU C GAAfT*rY^ 


39 


UUCCtJCO C ACAUACU 


352 


AGCCCJGC7 A RTTT'^Lnn 


44 


CUCACAU A CDGACCC 


361 




53 


CACGGCU C CACCCUC 


364 




65 


CCACCCa C UCUCCCC 


374 


A A 71 rY^f TT s a/^'*nr*T\ 


67 


ACCCUCU C UCCCCOG 


391 


^^iXf^Af— TT r^'Ts /■'»' 1/ 


69 


CCLCUCU C CCCOC5GA 


421 


'^A-wj^V^V.U t-UGGCCA 


106 


GCADGAU C CGGGACG 


449 


^"^fw^ljAU A ACCAGCU 


136 


AGGCGCTT C CCCAAGA 


466 


wiUtjC\-AU C AGAGGGC 


165 


CAGGGCU C CACGCGG 




GGCCUGU A CCUCAUC 


177 


CC3GUGCU U GOUCCUC 


484 


u^jUAlaju C AUCUACU 


180 


UGCUDGU U CCUCAGC 


4R7 
**o / 


ACCuCAU C OACDCCC 


181 


GCDCGDU C CUCAGCC 


489 


A tXJCCCAG 


. 184 


IXiUUCCU C AGCCOCa 


492 




190 


tKIIAGCCU C UUCDCCa 


499 


CCCAGGU C CDCUUCA • 


192 


AGccDcu u cucccroc 


502 


AGGUCCU C DUCAAGG 


193 


GCCDCUU C UCCUUCC 


504 


Guccaoj u caagggc 


195 


CUCUOCU C CUUCCOG 


505 


TCCUCUU C AAGGGCC 


198 


UUCDCCD tJ CCUGAUC 


525 


^JSCCCCU C CACCCAU 


199 


XJCUCCUa C CUGADCG 


538 


AUGDGCCJ C CUCACCC 


205 


UCCUGAU C GUGGCAG 


541 


IKKXICCU C ACCCACA 


226 


CCACGCa C UDCOGCC 


553 


ACACCAU C AGCCGCA 


228 


ACGCUCCJ U COGCCtJG 


562 


GCCGCAU C GCCGUCU 


229 


CGCDCUU C UGCCDGC 


568 


UCGOCGU c uccuacc 


243 


CUGCACU U UGGAGOG 


570 


GCCGCJCU C COACCAG 


244 


UGCACUU 0 GGAGDGA 


573 


GUCUCCU A CCAGACC 


253 


GAGUGAU C GGCCCCC 


586 


CCAAGGU C AACCUCC 


273 


GAAGAGU C CCCCAGG 


592 


DCAACCU C CUCDCUG 


286 


GGGACCU C UCUCOAA 


59 S 


ACCUCCU C UCUGCCA 


288 


GACCUCU C UCDAAUC 


597 


CUCCUCU C UGCCAUC 


290 


COJCUCU C UAAUCAG 


604 


CUGCCAU C AAGAGCC 


292 


UCUCUCU A AUCAGCC 


657 


CCCUGGU A UGAGCCC 


295 


CUCOAAU C AGCCCUC 


667 


AGCCCAU C UAUCUGG 


302 


CAGCCCU C UGGCCCA 


669 


CCCAUOJ A UCUGGGA 
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671 

682 

684 

685 

709 

721 

725 

735 

737 

739 

744 

745 

753 

763 

765 

768 

769 

775 

778 

801 

808 

809 

820 

833 

837 

838 

839 

841 

842 

849 

852 

853 

863 

869 

871 

872 

878 

890 

898 

899 

904 

917 

918 

924 

925 

926 

945 

946 

959 
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CAUCUAU 
GAGGGGU 
GGGGOCa 
GGGUCUU 
ACCGAOJ 
CUGAGAU 
GAUCAAU 
CCCGACa 
CGACOAU 
ACOAX^CU 
CUCGACU 
UCGACUU 
GCCGAGU 
GGCAGGU 
CAGGUOJ 

Gucnaoj 

UUGGSA0 
OGAXTCACJ 
CGAACAU 
CCAACCa 
CAACCDD 
AACGCCU 
CCCXZAAU 
AAUCCOJ 
AUCCCDU 
UCCCUUO 
CCUUUAU 
COOUADO 

Accccca 
cccoccu 
ccuccuu 

ACAOXU 
UCAACCU 
AACCDOJ 
ACCUCUU 
UCOGGCU 
AGAGAAU 
GGGGGCU 
GGGGCUU 
IKZAGGGU 
CCAAGCD 
CAAGCUU 
UAGAACD 
AGAACUU 
GAACUUU 
CACCACU 
ACCAjCUa 
CUGGGAU 



C 

c 
u 
c 
c 
c 
c 

A 

c 
c' 
u 
u 
c 
c 

A 



UGGGAGG 
UUCCAGC 
CCAGCUG 
CAGCUGG 
AGCGGUG 
AAUCGGC 
GGCCCGA 
UCUCGAC 
UCGACUU 
GACUUUG 
DGCCGAG 
GCCGAGU 
DGGGCAG 
UACUUUG 
CUUOGGG 
U UGGGAUC 
U GGGADCA 
ADUGCCC 
GCCCDGU 
CAACCUU 
CCCAAAC 
CCAAACG 
CCCOGCC 
CCUUUAU- 
UAUOACC 
17 ADUACCC 
A UUACCCC 

Accccca 
cccccuc 

CDUCAGA 
CAGACAC 
AGACACC 
AACCUCU 
UUCUGGC 
CDGGCUC 
UGGCUCA 
C AAAAAGA 
U GGGGGCU 
U AGGGUCG 
A GGGUCGG 
C GGAACCC 
D AGAACUU 
A GAACUUU 
U UAAGCAA 
U AAGCAAC 
A AGCAACA 
U CGAAACC 
C GAAACCU 
U CAGGAAU 



960 
1001 
1007 
1008 
1021 
1029 
1040 
1046 
1047 
1051 
1060 
1067 
1085 
1086 
1090 
1091 
1113 
1124 
1129 
1135 
1151 
1152 
1158 
1159 
1162 
1164 
1166 
1174 
1175 
1176 
1183 
1184 
1187 
1208 
1224 
1228 
1230 
1232 
1233 
1234 
1238 
1239 
1245 
1251 
1252 
1254 
1255 
1256 
1258 



UGGGAUU 
AACCACU 
UAAGAAU 
AAGAAUU 
GGGGCCU 
CAGAACU 
GGGGCCU 
UACAGCU 
ACAGCUU 
CUUUGAU 
CUGACAU 
CUGGAAU 

GAGCCUU 
CUUUGGU 
UUUGGUU 
CAGGACU 
AAGACCU 
CUCACCU 
ORGAAAU 
UGGACCU 
GGACCUU 
UAGGCCU 
AGGCCUU 
CCUUCCU 
UUCCUCU 
CCUCUCU 
CAGAUGU 
AGACGUU 
GAUGUUU 
CCAGACU 
CAGACUU 
ACUUCCU 
CAGCCCU 
GCCAGCU 
GCUCCCU 
UCCCUCU 
CCUCUAU 
CUCUAUU 
UCUAUUU 
UUUAUGU 
UUAUGUU 
UUGCACU 
UUGtXSAU 
UGUGAUU 
UGAUUAU 
GAUUAUU 
A.UUAUUU 
UAUUUAU 



C 

c 

A 
U 
U 
C 

c 
c 
u 



C AGGAAUG 
A AGAADUC 
U CAAACUG 
C AAACUGG 
CAGAACU 
ACUGGGG 
CAGCUUU 
UGAUCCC 
GAUCCCU 
CCUGACA 
UGGAAUC 
UGGAGAC 
UGGUUCU 
U GGUUCUG 
u CUGGCCA 
C UGGCCAG 
U GAGAAGA 
C ACCUAGA 
A GAAAUUG 
U GACACAA 
U AGGCCUU 
GGCCUUC 
CCUCUCU 
CUCUCUC 
UCUCCAG 
UCCAGAU 
CAGAUGU 
U UCCAGAC 
U CCAGACU 
C CAGACUU 
CCUUGAG 
CUUGAGA 
GAGACAC 
CCCAUGG 
CCUCUAU 
UAUUUAU 
UUUAUGU 
UADGUUU 
A.UGUUUG 
UGUUUGC 
U UGCACUU 
U GCACUUG 
U GUGAUUA 
U AUUUAUU 
A UUUAUUA 
U UAUUAUU 
U AUUAUUU 
A UUAUUUA 
U AUUUAUU 



A 
U 

c 
c 
c 
c 



u 
c 
u 
c 
c 
c 

A. 

u 
u 

A 
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1259 AUUUAUU A UUOAUUU 1440 

1261 UUaUUAU U UAUUUAU 1441 

1262 nAnOADa U ADUUAUU 1446 

1263 ADUAUDU A UUDADUA 1448 
1265 UAUUUAU U UADUADU 1449 
1265 ADUUADU U AUOADUU 1451 
1267 UuuaDOU a XKIAUUUA 1456 

1269 UADOUAU U AUOOADU 1457 

1270 ADUUAUU A UUUAUUU 1461 

1272 UUAUOAn U UADUUAU 1464 

1273 UAUUADU U AUUUAUU 1466 

1274 ADUAUUU A UUUADUD 1479 

1276 UAUUUAU U UAUUUAC 1480 

1277 AUUUAUU U ADDUACA 1494 

1278 UUUADDU A UUUACAG 1498 

1280 UADUUAU U UACAGAD 1501 

1281 AUUUAUU U ACAGADG 1512 

1282 UUUADUU A CAGADGA 1517 
1294 UGAAUGU A UUUAUUU 1528 

1296 AAUGUAD U UAUUUGG 1533 

1297 AUUUAUU U ADUUGGG 1537 

1298 UGUAUUU A UUUGGGA 1540 

1300 UAUUUAU U UGGGAGA 1546 

1301 ADUUAUU U GGGAGAC ' 1549 
1315 CCGGGGU A UCCUGGG 1551 
1317 GGGGUAU C CUGGGGG 1552 
1334 CCAADTO A GGAGCUG 1566 
1345 GCUGCCU U GGCUCAG 1572 
1350 CUUGGCU C AGACADG 1576 
1359 GACADGU U UUCCGUG 1577 



1360 ACADGUU U UCCGUGA 

1361 CAUGUUU U CCGUGAA 

1362 AUGUUUU C CGUGAAA 
1386 GAACAAU A GGCTOUU 

1393 AGGCUGU U CCCADGU 

1394 GGCUGUU C CCAUGUA 
1401 CCCADGU A GCCCCCU 
1414 CUGGCCU C UGUGCCU 

1422 UGUGCCU U CUUUUGA 

1423 GUGCCUU C UUUUGAU 

1425 GCCUUCU U UUGAUUA 

1426 CCUUCDU U UGAUUAU 

1427 CUUCUUU U GAUUAUG 

1431 UUUUGAU U AUGUUUU 

1432 UUUGAUU A UGUUUUU 

1436 AUUAUGU U UUUUAAA 

1437 UUAUGUU U UUUAAAA 

1438 UAUGUUU U UUAAAAU 
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UGUUUUU U AAAAUAU 
GUUUUUU A AAAUAUU 
UUAAAAU A UUAUCUG 
AAAAUAU U AUCUGAD 
AAAUAUU A UCUGAUU 
AUAUUAU C UGADUAA 
AUCUGAU U AAGUUGU 
UCUGAUU A AGUUGUC 
ADUAAGU U GUCUAAA 
AAGUUGU C UAAACAA 
GUCGUCU A AACAAUG 
UGCUGAU U UGGUGAC 
GCUGAUU U GGUGACC 
CAACUGU C ACUCAUU 
UGUCACU C AUCGCUG 
CACUCAU U GCUGAGG 
GAGGCCU C UGCUCCC 
CUCUGCU C CCCAGGG 
AGGGAGU U GUGCCUG 
GUUGUGU C UGUAAUC 
UGUCUGU A AUCGGCC 
CUGUAAU C GGCCUAC 
UCGGCCU A CUADUOV' 
GCCUACU A UUCAGUG 
CUACUAU U CAGOGGC 
UACOAUU C AGUGGCG 
GAGAAAU A AAGGUUG 
UAAAGGU U GCUUAGG 
GGCUGCU U AGGAAAG 
GCTOGCUU A GGAAAGA 
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Table 24: Human TNF-a Hammerhead Ribozyme Sequences 



HH R±l3ozyme Sequence 



28 
29 
31 
33 
34 
37 
39 
44 
58 
65 
67 
69 
106 
136 
165 
177 
130 
181 
184 
190 
192 
193 
195 
198 
199 
205 
226 
228 
229 
243 
244 
253 
273 
286 
288 
290 
292 
295 
302 



GGAAGAG CDGADGAGGCCGAAAGGCCGAA ACCOGCC 
AGGAAGA CDGAUSAGGCCGAAAGGCCGAA AACCUGC 
AGAGGAA CCGADGAGGCCGAAAGGCCGAA AGAACCU 
UGAGAGG CCGADGAGGCCGAAAGGCCGAA AGAGAAC 
GUGAGAG OJGAUGAGGCCGAAAGGCCGAA AAGAGAA 
UADGOGA CUGADGAGGCCGAAAGGCCGAA AGGAAGA 
AGOADGU OJGAUGAGGCCGAAAGGCCGAA AGAGGAA 
GGGDCAG OTSAXK3AGGCCGAAAGGCCGAA AUGUGAG 
GAGGG13G CUGADGAGGCCGAAAGGCCGAA AGCCGDG 
GGGGAGA CUGADGAGGCCGAAAGGCCGAA AGGGOGG 
CAGGGGA CUGADGAGGCCGAAAGGCCGAA AGAGGGU 
UCCAGGG CUGADGAGGCCGAAAGGCCGAA AGAGAGG 
CGUCCCG CUGAUGAGGCCGAAAGGCCGAA ADCADGC 
UCDUGGG CUGADGAGGCCGAAAGGCCGAA AGCGCCU 
CCGCCUG COGADGAGGCCGAAAGGCCGAA AGCCCUG 
GAGGAAC CUGADGAGGCCGAAAGGCCGAA AGCACCG 
GCUGAGG CUGADGAGGCCGAAAGGCCGAA ACAAGCA 
GGCUGAG CUGADGAGGCCGAAAGGCCGAA AACAAGC 
AGAGGCD COGADGAGGCCGAAAGGCCGAA AGGAACA 
AGGAGAA CDGADGAGGCCGAAAGGCCGAA AGGCUGA 
GAAGGAG CUGADGAGGCCGAAAGGCCGAA AGAGGCU 
GGAAGGA CUGADGAGGCCGAAAGGCCGAA AAGAGGC 
CAGGAAG CUGADGAGGCCGAAAGGCCGAA AGAAGAG 
GAUCAGG CUGADGAGGCCGAAAGGCCGAA AGGAGAA 
CGADCAG CUGADGAGGCCGAAAGGCCGAA AAGGAGA 
CUGCCAC CUGADGAGGCCGAAAGGCCGAA AUCAGGA 
GGCAGAA CDGADGAGGCCGAAAGGCCGAA AGCGDGG 
CAGGCAG CUGADGAGGCCGAAAGGCCGAA AGAGCGU 
GCAGGCA CUGADGAGGCCGAAAGGCCGAA AAGAGCG 
CACUCCA CUGAUGAGGCCGAAAGGCCGAA AGUGCAG 
UCACUCC CUGADGAGGCCGAAAGGCCGAA AAGUGCA 
GGGGGCC CUGADGAGGCCGAAAGGCCGAA AUCACUC 
CCUGGGG CUGADGAGGCCGAAAGGCCGAA ACOCUDC 
UDAGAGA CUGAUGAGGCCGAAAGGCCGAA AGGUCCC 
GADUAGA CUGAUGAGGCCGAAAGGCCGAA AGA3GUC 
CUGADUA CUGAUGAGGCCGAAAGGCCGAA AGAGAGG 
GGCUGAU CUGAUGAGGCCGAAAGGCCGAA AGAGAGA 
GAGGGCU CUGADGAGGCCGAAAGGCCGAA AUUAGAG 
UGGGCCA CUGAUGAGGCCGAAAGGCCGAA AGGGCUG 
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321 AGAAGAU CUGACGAGGCCGAAAGGCCGAA AUCaCAC 

324 UCGAGAA CUGACGAGGCCGAAAGGCCGAA AUGAUCa 

326 GUUCGAG CUGAUGAGGCCGAAAGGCCGAA AGADGAU 

327 GGUUCGA CUGAUGAGGCCGAAAGGCCGAA AAGAUGA 
329 GGGGDUC CUGAUGAGGCCGAAAGGCCGAA AGAAGAU 
352 CADGGGC CUGAUGAGGCCGAAAGGCCGAA ACAGGCU 
361 UDGCUAC CUGAUGAGGCCGAAAGGCCGAA ACAUGGG 
364 GGUUUGC CUGAUGAGGCCGAAAGGCCGAA ACAACAU 
374 UCAGCUU CUGAUGAGGCCGAAAGGCCGAA AGGGUUU 
391 GCCACUG CUGAUGAGGCCGAAAGGCCGAA AGCUGCC 
421 UGGCCAG CUGAUGAGGCCGAAAGGCCGAA AGGGCAU 
449 AGCUGGU CUGAX5GAGGCCGAAAGGCCGAA AUCUCUC 
468 GCCCUCU CUGAUGAGGCCGAAAGGCCGAA AUGGCAC 
480 GAUGAGG CUGAUGAGGCCGAAAGGCCGAA ACAGGCC 
484 AGOAGAU CUGAUGAGGCCGAAAGGCCGAA AGGUACA 
487 GGGAGUA CUGAUGAGGCCGAAAGGCCGAA AUGAGGU 
489 CDGGGAG CUGAUGAGGCCGAAAGGCCGAA AGAUGAG 
492 GACCUGG CUGAUGAGGCCGAAAGGCCGAA AGOAGAU 
499 UGAAGAG CUGAUGAGGCCGAAAGGCCGAA ACCUGGG 
502 CCUCGAA CUGAUGAGGCCGAAAGGCCGAA AGGACCU 

504 GCCCUUG CUGAUGAGGCCGAAAGGCCGAA AGAGGAC 

505 GGCCCUU CUGAUGAGGCCGAAAGGCCGAA AAGAGGA 
525 AUGGGUG CUGAUGAGGCCGAAAGGCCGAA AGGGGCA 
538 GGGUGAG CUGAUGAGGCCGAAAGGCCGAA AGCACAU 
541 UGOGGGU CUGAUGAGGCCGAAAGGCCGAA AGGAGCA 
553 UGCGGCU CUGAUGAGGCCGAAAGGCCGAA AUGGUGU 
5o2 AGACGGC CUGAUGAGGCCGAAAGGCCGAA AUGCGGC 
563 GGUAGGA CUGAUGAGGCCGAAAGGCCGAA ACGGCGA 
570 CUGGUAG CUGAUGAGGCCGAAAGGCCGAA AGACGGC 
573 GGUCUGG CUGAUGAGGCCGAAAGGCCGAA AGQAGAC 
586 GGAGGUU CUGAUGAGGCCGAAAGGCCGAJ^ ACCUUGG 
592 CAGAGAG CUGAUGAGGCCGAAAGGCCGAA AGGUUGA 
595 UGGCAGA CUGAUGAGGCCGAAAGGCCGAA AGGAGGU 
557 GAUGGCA CUGAUGAGGCCGAAAGGCCGAA AGAGGAG 
604 GGCUCUU CUGAUGAGGCCGAAAGGCCGAA AUGGCAG 
657 GGGCUCA CUGAUGAGGCCGAAAGGCCGAA ACCAGGG 
667 CCAGAUA CUGAXK3AGGCCGAAAGGCCGAJI AUGGGCU 
669 UCCCAGA CUGAUGAGGCCGAAAGGCCGAA AGAUGGG 
671 CCUCCCA CUGAUGAGGCCGAAAGGCCGAA AUAGAUG 
682 GCUGGAA CUGAUGAGGCCGAAAGGCCGAA ACCCCUC 

684 CAGCUGG CUGAUGAGGCCGAAAGGCCGAA AGACCCC 

685 CCAGCUG CUGAUGAGGCCGAAAGGCCGAA AAGACCC 
709 CAGCGCU CUGAUGAGGCCGAAAGGCCGAA AGUCGGU 
721 GCCGAUU CUGAUGAGGCCGAAAGGCCGAA AUCUCAG 
725 UCGGGCC CUGAUGAGGCCGAAAGGCCGAA AUUGAUC 
735 GUCGAGA CUGAUGAGGCCGAAAGGCCGAA AGUCGGG 
737 AAGUCGA CUGAUGAGGCCGAAAGGCCGAA AUAGUCG 
739 eAAAGUC CUGAUGAGGCCGAAAGGCCGAA AGAUAGU 



CUCGGCA CUGAUGAGGCCGAAAGGCCGAA AGUCGAG 
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745 ACUCGGC CDGADSAGGCGGAAAGGCCGAA AAGCJCGA 

753 CU3CCCA CUGAUGAGGCCGAAAGGCCGAA. ACUCGGC 

763 CAAAGUA CDGADGAGGCCGAAAGGCCGAA ACCCGCC 

765 CCCAAAG CUGADGAGGCCGAAAGGCCGAA AGACCUG 

768 GAircCaA CUGADGAGGCCGAAAGGCCGAA AGDAGAC 

769 UGADCCC CDGADGAGGCCGAAAGGCCGAA AAGtJAGA 
775 GGGCAAU CUGADGAGGCCGAAAGGCCGAA AUCCCAA 
778 ACAGGGC CDGADGAGGCCGAAAGGCCGAA AUGADCC 
801 AAGGDUG CUGAUGAGGCCGAAAGGCCGAA ADGUUCG 

808 GUUDGGG CDGADGAGGCCGAAAGGCCGAA AGGUUGG 

809 CGUDDGG CDGADGAGGCCGAAAGGCCGAA AAGGOUG 
820 GGCAGGG CDGADGAGGCCGAAAGGCCGAA AGGCGUU 
833 AUAAAGG CDGADGAGGCCGAAAGGCCGAA AUCGGGG 

837 GGUAAUA CUGAUGAGGCCGAAAGGCCGAA AGGGADU 

838 GGGUAAU CUGADGAGGCCGAAAGGCCGAA AAGGGAU 

839 GGGGOAA CUGADGAGGCCGAAAGGCCGAA AAAGGGA 

841 AGGGGGU CUGADGAGGCCGAAAGGCCGAA AOAAAGG 

842 GAGGGGG CUGADGAGGCCGAAAGGCCGAA AAUAAAG 
849 UCUGAAG CUGADGAGGCCGAAAGGCCGAA AGGGGGU 

852 GOGDCDG CUGADGAGGCCGAAAGGCCGAA AGGAGGG 

853 GGUGUCU CUGAUGAGGCCGAAAGGCCGAA AAGGAGG 
863 AGAGGOU CUGADGAGGCCGAAAGGCCGAA AGGGUGU 
869 GCCAGAA CUGATCAGGCCGAAAGGCCGAA AGGOUGA 
371 GAGCCAG CUGADGAGGCCGAAAGGCCGAA AGAGGDU 
872 UGAGCCA CUGADGAGGCCGAAAGGCCGAA AAGAGGU 
878 UCDUUDD CUGADGAGGCCGAAAGGCCGAA AGCCAGA 
890 AGCCCCC CUGAUGAGGCCGAAAGGCCGAA AuUCDCU 

898 CGACCCU CUGADGAGGCCGAAAGGCCGAA AGCCCCC 

899 CCGACCC CUGADGAGGCCGAAAGGCCGAA AAGCCCC 
904 GGGDUCC CUGADGAGGCCGAAAGGCCGAA ACCCOAA 
917 AAGUDCU CUGADGAGGCCGAAAGGCCGAA AGCUUGG 
518 AAAGOUC CUGADGAGGCCGAAAGGCCGAA AAGCUDG 
524 UUGCOOA CUGADGAGGCCGAAAGGCCGAA AGDUCUA 

925 GUUGCUU CUGAUGAGGCCGAAAGGCCGAA AAGUDCU 

926 UGUUGCU CUGADGAGGCCGAAAGGCCGAA AAAGDUC 

945 GGDUUCG CUGADGAGGCCGAAAGGCCGAA AGUGGUG 

946 AGGUUDC CUGAUGAGGCCGAAAGGCCGAA AAGDGGU 

959 ADDCCUG CUGADGAGGCCGAAAGGCCGAA AUCCCAG 

960 CAUDCCU CUGADGAGGCCGAAAGGCCGAA AAUCCCA 
1001 GAAUDCU CUGAUGAGGCCGAAAGGCCGAA AGUGGUU 

1007 CAGUUUG CUGADGAGGCCGAAAGGCCGAA ADUCUDA 

1008 CCAGUUU CUGADGAGGCCGAAAGGCCGAA AADUCUU 
1021 AGOUCUG CUGADGAGGCCGAAAGGCCGAA AGGCCCC 
1029 CCCCAGU CDGADGAGGCCGAAAGGCCGAA AGUDCUG 
1040 AAAGCDG CUGAUGAGGCCGAAAGGCCGAA AGGCCCC 

1046 GGGAUCA CUGADGAGGCCGAAAGGCCGAA AGCUGUA 

1047 AGGGAUC CUGADGAGGCCGAAAGGCCGAA AAGCUGU 
1051 UGUCAGG CUGAUGAGGCCGAAAGGCCGAA AUCAAAG 
1060 GAUUCCA CUGAUGAGGCCGAAAGGCCGAA AUGUCAG 
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1067 

1085 

1086 

1090 

1091 

1113 

1124 

1129 

1135 

1151 

1152 

1158 

1159 

1162 

1164 

1166 

1174 

1175 

1176 

1183 

1184 

1187 

1208 

1224 

1228 

1230 

1232 

1233 

1234 

1238 

1239 

1245 

1251 

1252 

1254 

1255 

1256 

1258 

1259 

1261 

1262 

1263 

1265 

1266 

1267 

1269 

1270 

1272 

1273 
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GDCDCCA CUGAtXaCGCCGAAAGGCCGAA AUUCCAG 
AGAACCA CUGADGAGGCCGAAAGGCCGAA AGGCUCC 
CAGAACC CUGADGAGGCCGAAAGGCCGAA AAGGCUC 
UGGCCAG CUGADGAGGCCGAAAGGCCGAA ACCAAAG 
CUGGCCA CUGADGAGGCCGAAAGGCCGAA AACCAAA 
UCUUCUC CUGADGAGGCCGAAAGGCCGAA AGUCCDG 
UCUAGGU CUGADGAGGCCGAAAGGCCGAA AGGUCUU 
CAAUUUC CUGADGAGGCCGAAAGGCCGAA AGGUGAG 
UUGUGUC CUGADGAGGCCGAAAGGCCGAA ADUUCUA 
AAGGCCU CUGADGAGGCCGAAAGGCCGAA AGGDCCA 
GAAGGCC CUGADGAGGCCGAAAGGCCGAA AAGGUCC 
AGAGAGG CUGADGAGGCCGAAAGGCCGAA AGGCCUA 
GAGAGAG CUGADGAGGCCGAAAGGCCGAA AAGGCCU 
COGGAGA CUGADGAGGCCGAAAGGCCGAA AGGAAGG 
ADCDGGA CUGADGAGGCCGAAAGGCCGAA AGAGGAA 
ACADCUG CUGADGAGGCCGAAAGGCCGAA AGAGAGG 
GUCUGGA CUGADGAGGCCGAAAGGCCGAA ACADCUG 
AGUCUGG CUGADGAGGCCGAAAGGCCGAA AACADCU 
AAGUCUG CUGADGAGGCCGAAAGGCCGAA AAACADC 
CUCAAGG CUGADGAGGCCGAAAGGCCGAA AGUCUGG 
UCUCAAG COGADGAGGCCGAAAGGCCGAA AAGUCUG 
GUGUCUC CUGADGAGGCCGAAAGGCCGAA AGGAAGU 
CCADGGG CUGADGAGGCCGAAAGGCCGAA AGGGCUG 
AUAGAGG CUGADGAGGCCGAAAGGCCGAA AGCDGGC 
ADAAADA CUGADGAGGCCGAAAGGCCGAA AGGGAGC 
ACAUAAA CUGADGAGGCCGAAAGGCCGAA AGAGGGA 
AAACAUA CUGADGAGGCCGAAAGGCCGAA AUAGAGG 
CAAACAU CUGADGAGGCCGAAAGGCCGAA AADAGAG 
GCAAACA CUGADGAGGCCGAAAGGCCGAA AAADAGA 
AAGUGCA CUGADGAGGCCGAAAGGCCGAA ACADAAA 
CAAGUGC CUGADGAGGCCGAAAGGCCGAA AACAUAA 
tIAAUCAC CUGADGAGGCCGAAAGGCCGAA AGUGCAA 
AftDAAAU CUGADGAGGCCGAAAGGCCGAA AUCACAA 
UAAUAAA CUGADGAGGCCGAAAGGCCGAA AADCACA 
AAUAAUA CUGADGAGGCCGAAAGGCCGAA AUAAUCA 
AAAUAAU CUGADGAGGCCGAAAGGCCGAA AADAAUC 
DAAAUAA CUGADGAGGCCGAAAGGCCGAA AAADAAU 
AADAAAD CUGADGAGGCCGAAAGGCCGAA AUAAADA 
AAAOAAA CUGADGAGGCCGAAAGGCCGAA AADAAAU 
AUAAAUA CUGADGAGGCCGAAAGGCCGAA ADAADT^ 
AADAAAU CDGADGAGGCCGAAAGGCCGAA AAUAAUA 
UAAUAAA CUGADGAGGCCGAAAGGCCGAA AAADAAU 
AADAAUA CUGADGAGGCCGAAAGGCCGAA ADAAADA 
AAADAAU CDGADGAGGCCGAAAGGCCGAA AADAAAU 
UAAADAA CUGAUGAGGCCGAAAGGCCGAA AAADAAA 
AADAAAU CUGAP3AGGCCGAAAGGCCGAA AUAAAUA 
AAAUAAA CUGAUGAGGCCGAAAGGCCGAA AAUAAAU 
AUAAAUA CUGAUGAGGCCGAAAGGCCGAA AUAAUAA 
AAUAAAU CUGAUGAGGCCGAAAGGCCGAA AAUAAUA 
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1274 AAAtlAAA CUGAUGAGGCCaAAAGGCCGAA AAAUAAU 

1276 GOAAAUA CUGADCSAGGCCGAAAGGCCGAA AUAAAUA 

1277 UGUAAAU CUGAUGAGGCCGAAAGGCCGAA AACIAAAU 

1278 CCGUAAA CCGAUGAGGCCGAAAGGCCGAA AAADAAA 

1280 AUCDGUA COGaiXSAGGCCCSAAAGGCCGAA AUAAAUA 

1281 CAUCUGU CUGAUGAOSCCGAAAGGCCGAA AADAAAU 

1282 UCAUCUG CUGADGAGGCCGAAAGGCCGAA AAAUAAA 
12S4 AAADAAA CDGAUGAGGCCGAAAGGCCGAA ACAUUCA 
1256 CXAAAOA OJGADGAGGCCGAAAGGCCGAA AUACAUD 

1297 CCCAAAU CUGAUGAGGCCGAAAGGCCGAA AAUACAU 

1298 DCCCAAA CUGAUGAGGCCGAAAGGCCGAA AAACIACA 

1300 UCUCCCA CUGAUGAGGCCGAAAGGCCGAA AUAAAUA 

1301 GUCUCCC CUGAUGAGGCCGAAAGGCCGAA AAUAAAU 
1315 CCCAGGA CUGAUGAGGCCGAAAGGCCGAA ACCCCGG 
1317 CCCCCAG CUGAUGAGGCCGAAAGGCCGAA AUACCCC 
1334 CAGCDCC CUGAUGAGGCCGAAAGGCCGAA ACAUUGG 
1345 CUGAGCC CUGAUGAGGCCGAAAGGCCGAA AGGCAGC 
1350 CAUGUCU CUGAUGAGGCCGAAAGGCCGAA AGCCAAG 

1359 CACGGAA CUGAUGAGGCCGAAAGGCCGAA ACAUGUC 

1360 UCACGGA CUGAUGAGGCCGAAAGGCCGAA AACAUGU 

1361 X3UCACGG CUGAUGAGGCCGAAAGGCCGAA AAACAUG 

1362 UUUCACG CUGAUGAGGCCGAAAGGCCGAA AAAACAU 
1386 AACAGCC CUGAUGAGGCCGAAAGGCCGAA AUUGUUC 

1393 ACAUGGG CUGAUGAGGCCGAAAGGCCGAA ACAGCCU 

1394 UACAUGG CUGAUGAGGCCGAAAGGCCGAA AACAGCC 
1401 AGGGGGC CUGAUGAGGCCGAAAGGCCGAA ACAUGGG 
1414 AGGCACA CUGAUGAGGCCGAAAGGCCGAA AGGCCAG 

1422 UCAAAAG CUGAUGAGGCCGAAAGGCCGAA AGGCACA 

1423 AUCAAAA CUGAUGAGGCCGAAAGGCCGAA AAGGCAC 

1425 UAADCAA CUGAUGAGGCCGAAAGGCCGAA AGAAGGC 

1426 AUAAUCA CUGAUGAGGCCGAAAGGCCGAA AAGAAGG 

1427 CADAAUC CUGAUGAGGCCGAAAGGCCGAA AAAGAAG 

1431 AAAACAU CTCAUGAGGCCGAAAGGCCGAA AUCAAAA 

1432 AAAAACA CUGAUGAGGCCGAAAGGCCGAA AAUCAAA 

1436 UUOAAAA CUGAUGAGGCCGAAAGGCCGAA ACAUAAU 

1437 UUUUAAA CUGAUGAGGCCGAAAGGCCGAA AACAUAA 

1438 AUUUUAA CUGAUGAGGCCGAAAGGCCGAA AAACAUA 

1439 UAuuuuA CUGAUGAGGCCGAAAGGCCGAA AAAACAU 

1440 AUAUUUU CUGAUGAGGCCGAAAGGCCGAA AAAAACA 

1441 AAX3AUUU CUGAUGAGGCCGAAAGGCCGAA AAAAAAC 
1446 CAGAUAA CUGAUGAGGCCGAAAGGCCGAA AUU UUAA 

1448 AUCAGAU CUGAUGAGGCCGAAAGGCCGAA AUAUUUU 

1449 AAUCAGA CUGAUGAGGCCGAAAGGCCGAA AAUAUUU 
1451 UU7VAUCA CUGAUGAGGCCGAAAGGCCGAA AUAAUAU 

1456 ACAACUU CUGAUGAGGCCGAAAGGCCGAA AUCAGAU 

1457 GACAACU CUGAUGAGGCCGAAAGGCCGAA AAUCAGA 
1461 UUUAGAC CUGAUGAGGCCGAAAGGCCGAA ACUUAAU 
1464 UUGUUUA CUGAUGAGGCCGAAAGGCCGAA ACAACUU 
1466 CAUUGUU CUGAUGAGGCCGAAAGGCCGAA AGACAAC 
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1479 GUCACCA CDGAUGAGGCCGAAAGGCCGAA AUCAGCA 

1480 GGUCACC OJGAUGAGGCCGAAAGGCCGAA AAUCAGC 
1494 AADGAGU OKSAjDGAGGCXXSAAAGGCCGAA ACAGOUG 
1498 CAGCAAU CCTGAUGAGGCCGAAAGGCCGAA AGDGACA 
1501 CCOCAGC CUGADQAGGCCGAAAGGCXrCAA AUGAGOG 
1512 GGGAGCA COGACRSAGGCCGAAAGGCCGAA AGGCCUC 
1517 CCCOGGG CDGiADGAGGCCXSAAAGGCCGAA AGCAGAG 
1528 CAGACAC CUGADGAGGCCGAAAGGCCGAA ACUCCCU 
1533 GAUUACA CUGADGAGGCCGAAAGGCCGAA AC=^CAAC 
1537 GGCCGAU CUGADGAGGCCGAAAGGCCGAA ACAGACA 
1540 GUAGGCC CUGADGAGGCCGAAAGGCCGAA AUUACAG 
1546 DGAADAG CUGADGAGGCCGAAAGGCCGAA AGGCCGA 
1549 CACUGAA CUGADGAGGCCGAAAGGCCGAA AGUAGGC 

1551 GCCACUG CUGADGAGGCCGAAAGGCCGAA AUAGUAG 

1552 CGCCACU CUGADGAGGCCGAAAGGCCGAA AAUftGUA 
1566 CAACCUU CUGADGAGGCCGAAAGGCCGAA AUUDCDC 
1572 CCOAAGC CUGADGAGGCCGAAAGGCCGAA ACCDUOA 

1576 CUUUCCU CUGADGAGGCCGAAAGGCCGAA AGCAACC 

1577 UCUUUCC CUGADGAGGCCGAAAGGCCGAA AAGCAAC 
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Table 25: Mouse TNF-a HH Target Sequences 



at . 
Position 

66 
101 
101 
102 
102 
106 
110 
111 
111 
112 
116 
137 
139 
177 
207 
228 
228 
236 
236 
249 
249 

261 
261 
263 
263 
264 
264 
266 
269 
270 
276 
297 
299 
300 
304 
306 
314" 
315 
315 
324 



HH Target Sequence 



UgGAAAU 
GGCAGGU 
GGCAGgU 

gCAGgUU 
GODCagU 
UgUcCCU 

gacccuu 

guCCCuU 
UcCCDuU 
UuDCACD 
GCCaCAU 
caCAuCU 
GCADGAU 
AGGCaCU 
GGGGCuU 
GCSGGCuU 
CAGaaCa 
CAGaACU 
GGugCCa 
GGuGCCa 



a GcucCcA 
V CUgUcCC 
u CuGUccC 
C UgUcCCa 

ugucxx:u 

CCXTuDCA 
UCACucA 
CaCDCaC 

ACucACa 
AcUGgcc 

uccctx:c 

CCUCcAg 
CGcGACG 
CCXcAaA 
CRGAACU 
CAGaacU 
CAGGCGG 
cAGgcGg 
UgUCOcA 



a UGucUCa 



DCAGCCU 

UCAgCCU 

AGCCUOJ 

AgCOJOT 

GCCUCUU 

gCCUCDU 

CUCUUCU 

UDCUCaU 

UCUCaUU 

UCCUGcU 

CCACGCU 

ACGCUCU 

CGCDCUU 

CUuOJgU 

UcUGUcU 

CUGaACU U 

UGaACDD c 

iiGaaCUU c 

gGGUGaU c 



UDCUCaU 

uncucau 

CUCaUUC 
CUcauUC 
UCaUUCC 
UcauUCc 
aUOCCDG 
CCUGcUu 
CUGcUuG 
GUGGCAG 
UDCDGuC 
CUGuCUa 
XKSuCUaC 
uAcDGaa 
cUgAAcU 
cGGgGOG 
GGgGUGA 
GGGguGa 
GgDCCcC 



nt . 
Position 

324 
347 
364 
366 
366 
369 
376 
390 
396 
401 
404 
406 
406 
407 
409 
409 
409 
432 



444 

501 

560 

560 

564 

567 

569 

572 

572 

572 

579 

580 

580 

582 

582 

584 

585 

608 

615 

615 

618 



HH Target Se<iuenc< 



GgGOGAU C 
GAGAagU u 
CCUCcCU C 
UCcCUCU 
UcCCDCU 
CUCUcAU 
CAGuuCU 
AgACCCU 
ucaCAcU 
cDCAGAU C 
AGAUCAU C 
ADCAUCU U 
AUcADcU U 
UCAUCUU C 
AUCUUCU C 
AuCuuCU c 
aUcDUcU c 
AGCCOGU A 



GGuCCCC 

cCCAaaU 

UcAUCAG 

ADCAGuu 

auCAGuU 

AGuuCUa 

UGGCCCA 

AcaCUcA 

AGADCAU 

AUCUUCU 

OUCDCaA 

CUCaAAa 

cUcelAAA 

OCaAAau 

aAAainiC 

AaAADUC 

AAAauUc 

GCCCAcG 



AcGUcGU 
AcGCCCU 
gGgUUGU 
GGguUGU 
UGUACCU 
ACCUUgU 
CUugUCD 
gUCUACU 
GUCUaCU 
GuCDacU 
CCCAGGU 
CCAGguU 
CCaGGuU 
AGGUUCU 
AGGUuOJ 
GUuCUCU 
UuCUCUU 
CcCGaCU 
aCgUGcU 
AcGUGOJ 
UGCUCCU 



GCAAACC 
CUGGCCA 
CCUuguC 
CCOugDC 
gUCUACU 
UT^CUCCC 
CUCCCAG 
CCAGGUu 
CCAGgxiu 
CCAgGUu 
CUCDUCA 
uCUUcAa 
UCuUcaa 
UUCaagg 
UUCAAGG 
U CAAGGGa 
C AAGGGaC 
a CgugCUC 
C CUCAcCC 
C CUCACCC 
C ACCCACA 



A 
C 
a 
A 
U 
C 
A 
C 
c 
C 
u 
c 
c 
C 
C 
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630 

630 

638 

643 

645 

647 

663 

669 

669 

672 

674 

631 

681 

681 

734 

734 

744 

746 

759 

759 

761 

762 

786 

798 

802 

812 

816 

821 

822 

830 

840 

842 

842 

842 

845 

846 

852 

855 

887 

891 

905 

905 

905 

914 

915 

919 

928 

928 

932 



ACACCgU 
ACACCgD 
agcCgAU 
aUUDScU 
UuGCuaU 
GCuaDCU 
agAAaCa 
UCAACCU 
UcAAccO 
ACCUCCU 
CTCCOCU 
cOGCCgU 
CUGCCgU 
CUGcCgU 
CCCOGGO 
CccOGGCJ 
AGCCCAU 
CCCAUaU 
C^gGAGU 
GAGGaGU 
GGaGUCU 
GaGUCOU 
ACCaACXJ 
COGAGgU 
GgOCAAU 
CCCaAgU 
AgUAcuU 
uUaGAOJ 
UaGACOO 
GCgGAGU 
GGCAGGU 
CAGGUCU 
CACgucD 
cagGuCD 
G0CX2ACU 

ucuacuu 

UUGGagU 
GagUCAU 
ADCCaUU 
AuucuCU 
CCcCaCU 
cCCCacU 
CcCCACU 
GAcCCcU 
ACCCCuU 
CUUUAcU 
GACCcCU 
gAcCCCU 
CCOUUAU 



c 
c 

u 
a 
C 

c 
c 
c 
c 
c 
c 
c 
c 
c 



AGCCGau 
AgCCgaU 
uGCUaUc 
uCUcAiiA 
UCaDACC 
atlACraG 
AACCOCC 
CUCUCUG 
cVcXXXJG 
UCUGCCg 
UGCCgUC 
AagaGcC 
AAGAGCC 
aaGAgcC 
A XJC3AGCCC 
a ugaGCCc 
a HAcCUGG 
A cCDGGGA 
C XIUCCAGC 
C UUCCAGC 
U CCAGCUG 
C CAGCDGG 
AGCGCDG 
AADCuGC 
uGCCCaA 
cuUaGAC 
GACUUUG 
UGCgGAG 
GCgGAGU 
cGGGCAG 
UACOUUG 
CUUUGGa 
CUUugGA 
euuugGA 
DGGagUC 
GGagUCA 
ADUGCuC 
GCuCDGU 
ucUACCC 
CCCaGCC 
UgaCrcC 
UgACCCC 
uGAccCC 
U uacUCUG 
u acUCuGA 
c ugaCCcC 
u UaUugUC 
U UAUUguC 
U guCxiaCU 



C 
C 

c 

A 
a 
U 
U 

c 
c 

A 
a 
a 
U 
U 

c 
u 

c 
a 
C 
c 
c 



940 
943 
972 
972 
973 
984 
984 
985 
997 
1010 
1017 
1018 
1019 
1073 
1096 
1106 
1107 
1108 
1115 
1133 
1164 
1180 
1203 
1210 
1211 
1214 
1218 
1213 
1213 
1218 
1219 
1219 
1226 
1226 
1227 
1227 
1228 
1238 
1262 
1283 
1283 
1285 
1287 
1287 
1288 
1289 
1293 
1293 
1294 



GuCUACU 
UACUccU 
UCUaaCU 
ucDaaCU 
CUaACutJ 
AGgGgAU 
AGGGgaU 
GGGGauU 
UcAGAgU 
CuguGCU 
cAGAgCtJ 
AGAgCUU 
GAgCUUU 
UgGGCCU 
AAGgAcU 
aCGGGcU 
OGGGcUU 
GGgCuDU 
CcGAAu0 
CGAAngU 
gagCGgU 
UcUgUcU 
aaGAuCU 
cAGGCCU 
AGGCCUU 
CCCUCCU 
CcuACcU 
CXXiaCCU 
cCuACcU 
CCUacCU 
CuaCCDU 
CuAcCUU 
CagACCU 
CAGAccU 
agACXIUU 
AGAccUU 
GAccDUU 
gACUCuU 
CAGCCuU 
CCCCccU 

cccccca 
ccccacu 

CcuCUAU 

ceucuAU 

CUCUAUU 
UCUAUUU 
UUUAUaU 
uUUaUaU 
UUAUaUU 



c cUCAGaG 
C AGaGcCc 
u AgAAAGg 
u AGAaAgG 
A GAAAggG 
tJ auGGcuc 
U aUGgCUc 
a uGGcUCa 
c CAAcucu 
c AGAgCUU 
U UcAaCAA 
U cAaCAAC 
c AaO^JlCu 
c ucAUgCA 
C AAAugGG 
U uccGAAU 
u ccGAAUu 
cGaaUUC 
A.CUGGaG 
CAuuCcU 
AgGUUGc 
agciAUGA 
AGGCCUU 
CCUacCU 
CUacCUu 
CCUUCAG 
CaGACCu 
aAGACcu 
cAgACCU 
CAGAccU 
AGACcuu 
agACcUU 
uCCAgAC 
UCCAGAC 
CCAgACu 
U CCAGACU 
C CAGACUc 
c cCUGAGG 
C CuCAcaG 
C uaUUUAU 
C UAUUUAU 
A UUUAUaU 
u UauAuUU 
U UAUaUUU 
U AUaUUUG 
A UaUUUGC 
U UGCACUU 
u UGcAcUu 
U GCACUUa 



c 
C 
C 
c 
c 
c 
U 

c 

a 
u 
U 
u 
u 
c 

c 
U 
U 
u 
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1300 


DUGCACU U aOuADUu 


1462 


aCCuDGU u GCCuCCU 


1303 


CAcuUaU u AuDuADD 


1470 


GccuCcU C DOUUGcU 


1304 


acUuAUU A UOUAUOA 


1472 


cuCcUCU U UUGcUUA 


1306 


tJuAUOAu u uAurana 


1473 


uCcUCUU U UGcDUAU 


1307 


uADUADU U ADUAUDU 


1474 


CcUCUUU U GcUUAUG 


1307 


UaUUaUU U AuuADua 


1478 


UUUUGcU U AUGUUUa 


1308 


ADUADUU A tJUAUUUA 


1479 


UUUGcUU a UGuutiAa 


1310 


UauOuAU U AUUOAUU 


1479 


UUUGcUU A DGUUUaa 


1310 


UADUDAU U AUUCEAUU 


1484 


UUAUGUU D aaaAcAA 


1310 


OAUUUAU U AUUUAUU 


1498 


AAAuauU U AUCUaAc 


1311 


AUUUAUU A UUUAUUU 


1511 


AcccAaU U GUCUuAA 


1311 


AuuuaDU a uuuaDOU 


1514 


cAaUUGU C UuAAuAA 


1311 


AiruaRtJU A UuUauUU 


1516 


aUUGUCU u AAuAAcG 


1313 


UOADOACJ U UADUOAU 


1529 


CgcugAU u UGGuGAC 


1313 


UOADOAIJ U tIAUUUAU 


1529 


CGCDGAU U DGGUGAC 


1313 


iinAUGAU u UauUQAu 


1530 


gCUGADU u gGOgacC 


1314 


UaimDCT U ADUOAIJU 


1530 


GCUGAUU U GGUGACC 


1314 


UAUUAUU U AUUUAUU 


1563 


DgaAcCU c UGcUCCC 


1315 


ADUA3DUU A UUDADDA 


1563 


ugaaCCa C UGCUCCC 


1317 


UADUOAU U OADUAUU 


1563 


CUCDGCU C CCCAcGG 


1318 


ADDOAUU U ADUAUDU 


1589 


UGaCUGU A AnuG^^cr* 


1319 


UUDAUUD A DUADDUA 


1592 


CUGUAAU u fSfO''! lAr* 


1326 


ADUADDU A UDOADDU 


1617 


GAGAAAU A. ^VAGaTT*^ 


1328 


DAUUUAU U UAUUUgC ' 


1623 


UAAAGaU c GCUOAaa 


1329 


AUUUAUU U AUDUsfCu 


1633 


UUAaaaU a. ?»;aAa^ior' 


1330 


UDOADDU A DDUgCuu 


25 


AcrGcaCQ rr^^^ friz a 
&w w GL wAgvx/^ 


1332 


UADUOAU U UgCuuAU 




1333 


AuuuAUU U gCuuAUG 






1337 


auUUGCU U AuGAAuG 






1338 


UDUGCUU A uGAAuGu 






1346 


DGAAUGU A UDOADDU 






1348 


AAUGUAU U UAUUUGG 






1349 


ADGDADU U ADUDGGa 






1350 


OGUADDU A DDUGGaA 






1352 


\iADuUAD u UGGclAGG 






1352 


UADDUAD XJ UGGaAGg 






1353 


AUUUAUU D GGaAGgC 






1369 


GGGGDgU C CDGGaGG 






1398 


gCUguCD U cAGACAg 






1398 


GCUGuCD U cagaCAG 






1412 


GACaUGU U DDCuGDG 






1413 


ACADGUD U DCuGUGA 






1414 


CADGDDU U CuGDGAA 






1415 


ADGDUUU C uGUGAAA 






1415 


ADGUUUU c DgugAaA 






1438 


gaGCDGU c CCCAccU 






1451 


CUGGCCU C UcUaCCU 






1453 


ggCCUCU C UaCCuUG 
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Table 26: Mouse TNF-a Hammerhead Ribozyme Sequences 



s.t:. Mouse HH RiJbozymG . Secjuence 
Position 

25 UCCUGGC CU^GADGAGGCCGAAAGGCCGAA AGUCCCU 

o6 UGGGAGC CUGAUGAGGCCGAAAGGCCGAA AUDUCCA 

101 GGGACAG CTJGADSAGGCCGAAAGGCCGAA ACCUGCC 

101 GGGACAG COGACGAGGCCGAAAGGCCGAA ACCUGCC 

102 AGGGACA CUGAUGAGGCCGAAAGGCCGAA AACCUGC 
102 AGGGACA CUGAUGAGGCCGAAAGGCCGAA AACCUGC 
106 UGAAAGG CUGAUGAGGCCGAAAGGCCGAA ACAGAAC 
110 UGAGUGA CUGAUGAGGCCGAAAGGCCGAA AGGGACA 

GUGAGUG CUGAXJGAGGCCGAAAGGCCGAA AAGGGAC 
GUGAGUG CUGAUGAGGCCGAAAGGCCGAA AAGGGAC 

12 AGUGAGU CUGAUGAGGCCGAAAGGCCGAA AAAGGGA 

5 GGCCAGU CUGAUGAGGCCGAAAGGCCGAA AGUGAAA 

137 GGAGGGA CUGAUGAGGCCGAAAGGCCGAA AUGUGGC 

13S CUGGAGG CUGAUGAGGCCGAAAGGCCGAA AGAUGUG 

l^V CGUCGCG CUGAUGAGGCCGAAAGGCCGAA AUCADGC 

207 OUUGGGG CUGAUGAGGCCGAAAGGCCGAA AGUGCCU 

228 AGUUCUG CUGAUGAGGCCGAAAGGCCGAA AAGCCCC 

228 AGUUCUG CUGADGAGGCCGAAAGGCCGAA AAGCCCC 

256 CCGCCUG CUGAUGAGGCCGAAAGGCCGAA AGUUCUG 

236 CCGCCUG CUGAUGAGGCCGAAAGGCCGAA AGUUCUG 

249 UGAGACA CUGAUGAGGCCGAAAGGCCGAA AGGCACC 

249 UGAGACA CUGAUGAGGCCGAAAGGCCGAA AGGCACC 



111 

1 T 



t 1 



261 AUGAGAA CUGAUGAGGCCGAAAGGCCGAA AGGCUGA 

261 AUGAGAA CUGAUGAGGCCGAAAGGCCGAA AGGCUGA 

263 GAAUGAG CUGAUGAGGCCGAAAGGCCGAA AGAGGCU 

263 GAAUGAG CUGAUGAGGCCGAAAGGCCGAA AGAGGCU 

264 GGAAUGA CUGAUGAGGCCGAAAGGCCGAA AAGAGGC 
264 GGAAUGA CUGAUGAGGCCGAAAGGCCGAA AAGAGGC 
2cc CAGGAAU CUGAUGAGGCCGAAAGGCCGAA AGAAGAG 

269 AAGCAGG CUGAUGAGGCCGAAAGGCCGAA AUGAGAA 

270 CAAGCAG CUGAUGAGGCCGAAAGGCCGAA AAUGAGA 
276 CUGCCAC CUGAUGAGGCCGAAAGGCCGAA AGCAGGA 
297 GACAGAA CUGAUGAGGCCGAAAGGCCGAA AGCGUGG 

299 UAGACAG CUGAUGAGGCCGAAAGGCCGAA AGAGCGU 

300 GUAGACA CUGADGAGGCCGAAAGGCCGAA AAGAGCG 
304 UUCAGUA CUGAUGAGGCCGAAAGGCCGAA ACAGAAG 
306 AGUUCAG CUGAUGAGGCCGAAAGGCCGAA AGACAGA 

314 CACCCCG CUGAUGAGGCCGAAAGGCCGAA AGUUO.G* 

315 UCACCCC CUGAUGAGGCCGAAAGGCCGAA AAGUUCA 
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315 UCACCCC CXJGADGAGGCCGAAAGGCCGAA AAGOUCA 

324 GGGGACC CUGADSAGGCCGAAAGGCCGAA AUCACCC 

324 GGGGACC COGADGAGGCCGAAAGGCCGAA AUCACCC 

347 AUDDGGG COGAUGAGGCCGAAAGGCCGAA ACOUCUC 

364 CCGADGA CUGATXSAGGCCGAAAGGCCGAA AGGGAGG 

365 AACDSAU CUGATOAGGCCGAAAGGCCGAA AGAGGGA 

366 AAC0GAX7 COGADGAGGCCGAAAGGCCGAA AGAGGGA 
369 UAGAACU CDGADGAGGCCGAAAGGCCGAA ADGAGAG 
376 UGGGCCA CDGADGAGGCCGAAAGGCCGAA AGAACUG 
390 UGAGUGU COGADGAGGCCGAAAGGCCGAA AGGGCCU 
396 ADGAXJCO CDGADGAGGCCGAAAGGCCGAA AGCGTOA 
401 AGAAGAD COGA'DGAGGCCGAAAGGCCGAA ADCCGAG 
404 DDGAGAA CDGADGAGGCCGAAAGGCCGAA ADGADCD 
406 DDDDGAG COGADGAGGCCGAAAGGCCGAA AGADGAD 

406 DDDDGAG CDGADGAGGCCGAAAGGCCGAA AGADGAD 

407 ADDODGA CDGADGAGGCCGAAAGGCCGAA AAGADGA 
409 GAADDDD COGADGAGGCCGAAAGGCCGAA AGAAGAD 
409 GAADDDD CDGADGAGGCCGAAAGGCCGAA AGAAGAD 
409 GAADDDD CDGADGAGGCCGAAAGGCCGAA AGAAGAD 
432 CGDGGGC CDGADGAGGCCGAAAGGCCGAA ACAGGCD 

444 GGODDGC COGADGAGGCCGAAAGGCCGAA ACGACGD 

501 DGGCCAG CDGADGAGGCCGAAAGGCCGAA AGGGCGD 

560 GACAAGG COGADGAGGCCGAAAGGCCGAA ACAACCC 

560 GACAAGG CDGADGAGGCCGAAAGGCCGAA ACAACCC 

364 AGDAGAC CDGADGAGGCCGAAAGGCCGAA AGGOACA 

567 GGGAGDA CDGADGAGGCCGAAAGGCCGAA ACAAGGD 

569 COGGGAG CDGADGAGGCCGAAAGGCCGAA AGACAAG 

572 AACCDGG COGADGAGGCCGAAAGGCCGAA AGDAGAC 

572 AACCDGG COGADGAGGCCGAAAGGCCGAA AGDAGAC 

572 AACCDGG CDGADGAGGCCGAAAGGCCGAA AGDAGAC 

579 DGAAGAG COGADGAGGCCGAAAGGCCGAA ACCDGGG 
530 DDGAAGA COGADGAGGCCGAAAGGCCGAA AACCDGG 

580 DDGAAGA CDGADGAGGCCGAAAGGCCGAA AACCDGG 
532 CCDDGAA CDGADGAGGCCGAAAGGCCGAA AGAACCD 
582 CCDDGAA CDGADGAGGCCGAAAGGCCGAA AGAACCD 
534 DCCCDDG CDGADGAGGCCGAAAGGCCGAA AGAGAAC 
585 GDCCCDD CDGADGAGGCCGAAAGGCCGAA AAGAGAA 
608 GAGCACG CDGADGAGGCCGAAAGGCCGAA AGDCGGG 
615 GGGOGAG CDGADGAGGCCGAAAGGCCGAA AGCACGD 
615 GGGOGAG CDGADGAGGCCGAAAGGCCGAA AGCACGD 
618 DGDGGGD CDGADGAGGCCGAAAGGCCGAA AGGAGCA 
630 ADCGGCD CDGADGAGGCCGAAAGGCCGAA ACGGDGD 
630 ADCGGCD CDGADGAGGCCGAAAGGCCGAA ACGGDGD 
^38 GADAGCA CDGADGAGGCCGAAAGGCCGAA ADCGGCD 
643 DADGAGA CDGADGAGGCCGAAAGGCCGAA AGCAAAD 
645 GGDAUGA CDGADGAGGCCGAAAGGCCGAA AOAGCAA 
o47 CDGGOAD CDGADGAGGCCGAAAGGCCGAA AGADAGC 
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663 GGAGGUU CUGAUGAGGCCGAAAGGCCQAA ACUDUCU 

669 CAGAGAG CCGAUGAGGCCGAAAGGCCGAA AGGOCGA 

669 CAGAGAG CUGADGAGGCCGAAAGGCCGAA AGGCCGA 

672 CGGCAGA CUGADGAGGCCGAAAGGCCGAA AGGAGGU 

674 GACGGCA CUGADGAGGCCGAAAGGCCGAA AGAGGAG 

- 681 GGCUCUU CDGADGAGGCCGAAAGGCCGAA ACGGCAG 

681 GGCaCUU CUGADGAGGCCGAAAGGCCGAA ACGGCAG 

631 GGCUCUU CUGADGAGGCCGAAAGGCCGAA ACGGCAG 

734 GGGCUCA CUGADGAGGCCGAAAGGCCGAA ACCAGGG 

734 GGGCUCA CUGADGAGGCCGAAAGGCCGAA ACCAGGG 

744 CCAGGUA CUGADGAGGCCGAAAGGCCGAA ADGGGCU 

746 UCCCAGG CDGADGAGGCCGAAAGGCCGAA AUACGGG 

759 GCUGGAA CUGADGAGGCCGAAAGGCCGAA ACUCCDC 

759 GCUGGAA CUGADGAGGCCGAAAGGCCGAA ACCCCITC 

761 CAGCUGG CUGADGAGGCCGAAAGGCCGAA AGACCCC 

762 CCAGCUG CDGADGAGGCCGAAAGGCCGAA AAGACUC 
786 CAGCGCU CUGADGAGGCCGAAAGGCCGAA AGUCGGD 
798 GCAGADD CUGADGAGGCCGAAAGGCCGAA ACCDCAG 
802 DDGGGCA CUGADGAGGCCGAAAGGCCGAA ADDGACC 
312 GUCUAAG COGADGAGGCCGAAAGGCCGAA ACDDGGG 
816 CAAAGUC CDGADGAGGCCGAAAGGCCGAA AAGDACU 

821 CUCCGCA CUGADGAGGCCGAAAGGCCGAA AGDCCAA 

822 ACDCCGC CDGADGAGGCCGAAAGGCCGAA AAGCCUA 
830 CroCCCG CDGADGAGGCCGAAAGGCCGAA ACDCCGC 
840 CAAAGDA CDGADGAGGCCGAAAGGCCGAA ACCDGCC 
842 DCCAAAG CDGADGAGGCCGAAAGGCCGAA AGACCCG 
842 DCCAAAG CDGADGAGGCCGAAAGGCCGAA AGACCCG 
842 DCCAAAG CDGADGAGGCCGAAAGGCCGAA AGACCDG 

845 GACDCCA CDGADGAGGCCGAAAGGCCGAA AGUAGAC 

846 DGACDCC CDGADGAGGCCGAAAGGCCGAA AAGDAGA 
852 GAGCAAU CDGADGAGGCCGAAAGGCCGAA ACDCCAA 
855 ACAGAGC CDGADGAGGCCGAAAGGCCGAA ADGACDC 
887 GGGUAGA CDGADGAGGCCGAAAGGCCGAA AADGGAI7 
891 GGCDGGG CDGADGAGGCCGAAAGGCCGAA AGAGAAD 
905 GGGGDCA CDGADGAGGCCGAAAGGCCGAA AGOGGGG 
905 GGGGDCA CDGADGAGGCCGAAAGGCCGAA AGDGGGG 
905 GGGGDCA CDGADGAGGCCGAAAGGCCGAA AGDGGGG 

914 CAGAGUA CUGADGAGGCCGAAAGGCCGAA AGGGGDC 

915 DCAGAGU CDGADGAGGCCGAAAGGCCGAA AAGGGGD 
919 GGGGUCA CUGADGAGGCCGAAAGGCCGAA AGDAAAG 
928 GACAADA CUGADGAGGCCGAAAGGCCGAA AGGGGDC 
928 GACAADA CDGADGAGGCCGAAAGGCCGAA AGGGGDC 
932 AGDAGAC CUGADGAGGCCGAAAGGCCGAA AIIAAAGG 
940 CUCOGAG CDGADGAGGCCGAAAGGCCGAA AGDAGAC 
943 GGGCDCD CUGADGAGGCCGAAAGGCCGAA AGGAGUA 
972 CCDDDCD CDGADGAGGCCGAAAGGCCGAA AGDDAGA 

972 CCDDDCD CUGADGAGGCCGAAAGGCCGAA AGDDAGA 

973 CCCDDDC CUGADGAGGCCGAAAGGCCGAA AAGDDAG 
984 GAGCCAU CDGADGAGGCCGAAAGGCCGAA ADCCCCD 
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984 GAGCCAU COGADGAGGCCGAAAGGCCGAA AUCCCCU 

985 UGAGCCA CUGAIIGAGGCCGAAAGGCCGAA AAUCCCC 
397 AGAGCJDG COGAjCXSAGGCCGAAAGGCCGAA ACUCUGA 
1010 AAGCUCO CDGAIXSAGGCCGAAAGGCCGAA AGCACAG 
1017 UUGUUCiA OTGAUGAGGCCGAAAGGCCGAA AGOJCUG 
1013 GDDGOUG CUGADGAGGCCX3AAAGGCCGAA AAGCUCU 
1019 AGDDGOa CXIGAIJGAGGCCGAAAGGCCGAA AAAGCOC 
1073 UGCAUGA CUGADGAGGCCGAAAGGCCGAA AGGCCCA 
1096 CCCADOU COGADGAGGCCGAAAGGCCGAA AGUCCUU 

1106 ADUCGGA CUGAtJGAGGCCGAAAGGCCGAA AGCCCAD 

1107 AADDCGG CUGAIX3AGGCCGAAAGGCCGAA AAGCCCA 

1108 GAAOUCG CTOAt3GAGGCX:GAAAGGCCGAA AAAGCCC 
1115 CUCCaGU aJGAIXSAGGCaSAAAaSCCGS^ AAUnCGG 
1133 AGGAADG aKSAUSAGGCCGAAAGGCCGAA ACADDCG 
1164 GCRACCU CDGAroAGGCCGAAAGGCCGaA ACCACUC 
1180 DCAUUCJU COGADGAGGCCGAAAGGCCGAA AGACAGA 
1203 AAGGCOJ COGADSAGGCXGAAAGGCCGAA AGADCUa 

1210 AGGt3AGG CDGADGAGGCCGAAAGGCCGAA AGGCCDG 

1211 AAGGOAG CUGADGAGGCCGAAAGGCCGAA AAGGCCU 
1214 CDGAAGG CTOADGAGGCCGAAAGGCCGAA AGGAAGG 
1218 AGGDCOG OJGADGAGGCCGAAAGGCCGAA AGGOAGG 
1218 AGGOCOG CDGADGAGGCCGAAAGGCCGAA AGGOAGG 
1218 AGGOCOG OJGADGAGGCCGAAAGGCCGAA AGGOAGG 

1218 AGGDCOG CDGAOGAGGCOGAAAGGCCGAA AGGOAGG 

1219 AAGGOCD CDGADGAGGCCGAAAGGCCGaA AAGGOAG 
1219 AAGGDCa CDGADGAGGCCGAAAGGCCGAA AAGGOAG 
1226 GDCDGGA CDGADGAGGCCGAAAGGCCGAA AGGDCCG 

1226 GDCDGGA CDGADGAGGCCGAAAGGCCGAA AGGDCCG 

1227 AGDCDGG CDGADGAGGCCGAAAGGCCGAA AAGGDCU 

1227 AGDCDGG CDGAUSAGGCCGAAAGGCCGAA AAGGDCU 

1228 GAGDCDG CDGADGAGGCCGAAAGGCCGAA AAAGGOC 
1238 CCDCAGG CDGADGAGGCCGAAAGGCCGAA AAGAGDC 
1262 CDGDGAG CDGADGAGGCCGAAAGGCCGAA AAGGCDG 
1283 ADAAAUA CDGADGAGGCCGAAAGGCCGAA AGGGGGG 
1283 ADAAAUA CDGADGAGGCCGAAAGGCCGAA AGGGGGG 
1285 AUAUAAA CDGADGAGGCCGAAAGGCCGAA AGAGGGG 
1287 AAAIIADA CDGADGAGGCCGAAAGGCCGAA ADAGAGG 
1287 AAADADA CDGADGAGGCCGAAAGGCCGAA ADAGAGG 
^288 CAAAUAU CDGADGAGGCCGAAAGGCCGAA AADAGAG 
1289 GCAAAUA CDGADGAGGCCGAAAGGCCGAA AAAIIAGA 
1293 AAGDGCA CDGADGAGGCCGAAAGGCCGAA ADADAAA 

1293 AAGDGCA CDGADGAGGCCGAAAGGCCGAA ADADAAA 

1294 UAAGDGC CDGADGAGGCCGAAAGGCCGAA AADAOAA 
-300 AAADAAU CDGADGAGGCCGAAAGGCCGAA AGDGCAA 

1303 AADAAAU CDGADGAGGCCGAAAGGCCGAA ADAAGDG 

1304 UAAHAAA CDGADGAGGCCGAAAGGCCGAA AADAAGD. 

1306 AADAADA CDGADGAGGCCGAAAGGCCGAA AUAADAA 

1307 AAADAAU CDGADGAGGCCGAAAGGCCGAA AADAADA 
1307 AAADAAU CDGADGAGGCCGAAAGGCCGAA AADAADA 
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1308 UAAAUAA CUGAUGAGGCCGAAAGGCCGAA AAAOAAU 

1310 AJiUAAAU OXSAUSAGGCCGAAAGGCCGAA AOAAAUA 

1310 AADAAAU CDGADGAGGCCGAAAGGCCGAA AnAAAHA 

1310 AAUAAAU CDGADGAGGCCGAAAGGCCGAA ADAAAIIA 

1311 AAAUAAA CUGAtlGAGGCCGAAAGGCCGAA AADAAAU 
1311 AAAUAAA CUGAUGAGGCCGAAAGGCCGAA AAUAAAU 
1311 AAAUAAA COGADGAGGCCGAAAGGCCGAA AAUAAAU 
1313 AUAAAUA CXJGACGAGGCCGAAAGGCCGAA AUAAUAA 
1313 AUAAAUA CUGAtlGAGGCCGAAAGGCCGAA AUAAUAA 

1313 AUAAAUA CUGAUGAGGCCGAAAGGCCGAA AUAAUAA 

1314 AAUAAAU CUGAUGAGGCCGAAAGGCCGAA AAUAADA 

1314 AAUAAAU CUGAUGAGGCCGAAAGGCCGAA AAuAAUA 

1315 DAAUAAA CUGAUGAGGCCGAAAGGCCGAA AAAUAAU 
1317 AAUAAUA CUGAUGAGGCCGAAAGGCCGAA AUAAAUA 
1313 AAAUAAU CUGAUGAGGCCGAAAGGCCGAA AAUAAAU 
1319 UAAAUAA CUGAUGAGGCCGAAAGGCCGAA AAAUAAA 
1325 AAAUAAA CUGAUGAGGCCGAAAGGCCGAA AAAUAAU 

1328 GCAAAUA CUGAUGAGGCCGAAAGGCCGAA AUAAAUA 

1329 AGCAAAU CUGAUGAGGCCGAAAGGCCGAA AAUAAAU 

1330 AAGCAAA CUGAUGAGGCCGAAAGGCCGAA AAAUAAA 

1332 AUAAGCA CUGAUGAGGCCGAAAGGCCGAA AUAAAUA 

1333 CAUAAGC CUGAUGAGGCCGAAAGGCCGAA AAUAAAU 

1337 CAUDCAU CUGAUGAGGCCGAAAGGCCGAA AGCAAAU 

1338 ACAUUCA CUGAUGAGGCCGAAAGGCCGAA AAGCAAA 
1346 AAAUAAA CUGAUGAGGCCGAAAGGCCGAA ACAUUCA 

1348 CCAAAUA CUGAUGAGGCCGAAAGGCCGAA AUACAUU 

1349 UCCAAAU CUGAUGAGGCCGAAAGGCCGAA AAUACAU 

1350 UUCCAAA CUGAUGAGGCCGAAAGGCCGAA AAAUACA 
1352 CCUUCCA CUGAUGAGGCCGAAAGGCCGAA AUAAAUA 
1352 CCUUCCA CUGAUGAGGCCGAAAGGCCGAA AUAAAUA 
^^=3 GCCUUCC CUGAUGAGGCCGAAAGGCCGAA AAUAAAU 
1369 CCDCCAG CUGAUGAGGCCGAAAGGCCGAA ACACCCC 
1398 CUGUCU G CUGAUGAGGCCGAAAGGCCGAA AGACAGC 
1398 CUGUCUG CUGAUGAGGCCGAAAGGCCGAA AGACAGC 

1412 CACAGAA CUGAUGAGGCCGAAAGGCCGAA ACAUGUC 

1413 UCACAGA CUGAUGAGGCCGAAAGGCCGAA AACAUGU 

1414 UUCACAG CUGAUGAGGCCGAAAGGCCGAA AAACAUG 

1415 UUUCACA CUGAUGAGGCCGAAAGGCCGAA AAAACAU 
1415 UUUCACA CUGAUGAGGCCGAAAGGCCGAA AAAACAU 
1438 AGGUGGG CUGAUGAGGCCGAAAGGCCGAA ACAGCUC 
1451 AGGUAGA CUGAUGAGGCCGAAAGGCCGAA AGGCCAG 
1453 CAAGGUA CUGAUGAGGCCGAAAGGCCGAA AGAGGCC 
1455 AACAAGG CUGAUGAGGCCGAAAGGCCGAA AGAGAGG 
1462 AGGAGGC CUGAUGAGGCCGAAAGGCCGAA ACAAGGU 
1470 AGCAAAA CUGAUGAGGCCGAAAGGCCGAA AGGAGGC 

1472 UAAGCAA CUGAUGAGGCCGAAAGGCCGAA AGAGGAG 
-"^"3 AUAAGCA CUGAUGAGGCCGAAAGGCCGAA AAGAGGA 
^4"4 CAUAAGC CUGAUGAGGCCGAAAGGCCGAA AAAGAGG 

1473 UAAACAU CUGAUGAGGCCGAAAC-GCCGAA AGCAAAA 
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1479 nUAAACA OTGADSAGGCCGAAAGGCCGAA AAGCAAA 

1479 UOAAACA CTOAUGAGGCCGAAAGGCCGAA AAGCAAA 

1484 DUGUUUU CXJGADGAGGCXXSAAAGGCCGAA AACADAA 

1498 GDUAGAU COGADGAGGCCGAAAGGCCGAA AAOADUU 

1511 DOAAGAC CTOMX3AGGCCC5AAAGGCCGAA ADDGGGQ 

1514 UaADOAA CUGADGAGGCCGAAAGGCCGAA ACAAUDG 

1516 CGOTAOT COGAtX3AGGCCGA;VAGGCCGAA AGACAAU 

1529 CroCACCA CUGAUGAGGCCGAAAGGCCGAA AD^^ 

1529 GCCACCA CTGAUGAGGCCGAAAGGCCGAA AUCAGCG 

1530 GGUCACC OSGADGAGGCCGAAAGGCCGAA AATCAGC 
1530 GC30CACC CUGADGAGGCCGAAAGGCCGAA AADCAGC 
1563 GGGAGCA CUGADGAGGCCGAAAGGCCGAA AGGODCA 
1563 GGGAGCA CUGADGAGGCCGAAAGGCCGAA AGGDDCA 
1563 CCGCGGG CUGADGAGGCCGAAAGGCCGAA AGCAGAG 
1589 GGGCAAD CUGADGAGGCCGAAAGGCCGAA ACAGDCA 
1592 GDAGGGC CUGADGAGGCCGAAAGGCCGAA AUUACAG 
1617 CGADCDD CUGADGAGGCCGAAAGGCCGAA ADUUCDC 
1623 DUUAAGC CUGADGAGGCCGAAAGGCCGAA ADCUUUA 
1633 GGUUUOU CUGADGAGGCCGAAAGGCCGAA A DUUUA A 
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Table 29: Human bcr/abl HH Target Sequence 



Se<7uence 
ID No, 



HH TaxflTot Sequence 



20 
21 
22 



23 
24 
75 



U^3^AAflGCC CUa CaGOGSOCAGJ 
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Table 30: Human bcr-abl HTT Ribozyme Sequences 



Seciuence HH RilxDzyme Socjuonce 
XD No. 

26 GGCDOCUUCCU COGACJCAGGCrGAAAGGCCGAA ADDGaUGGOCA 

27 ACDGGCCGCCG OKSMXSaGGCCGAAAGGCCGAA AGGGCUDCUaC 

28 UACCGGCCGCU COGMKSAGGCCGAAAGGCCGAA AAGGGCOUCUU 



GAAGGGCODUO COGADGAGGCCGAAAGGCCGAA AACDCOGCOOA 
ACCGGCXXXTO COGancaGGCCGAAAGGCCGAA AGGGCUUUDGA 
DACDGGCCGOJ OKaDGAGGCCGAAAGGCCGAA AAGGGCUOUDG 
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PCT/IB95/00156 



nt . HH Toz-geC Se<7uencQ . 

Position Position 



10 


GGCAAAU A AADCAAU 


276 


14 


AAUAAAU C AADUCAG ' 


283 


18 


AAUCAAD U CAGCCAA 


295 


13 


ADCAAUU C AGCCaAC 


303 


54 


CAAUGAU A AUACACC 


304 


57 


DGAHAAU A CACCACA 


305 


77 


UGADGAU C ACAGACA 


309 


94 


AGACCGD U GOCACOU 


317 


97 


CCGUUGQ C ACOOGAG 


319 


101 


roocaca u gagacca 


320 


110 


AGACCAa A AUAACAC7 


323 


113 


CCAOAAa A ACAOCAC 


327 


118 


AOAACAU C ACOAACC 


337 


122 


CADCACa A ACCAGAG 


338 


134 


GAGACAU C AUAACAC 


340 


137 


ACADCAU A ACACACA 


341 


148 


CACAAAU U OAUAriAC 


350 


149 


ACAAADU U AOAnACa 


356 


150 


CAAADDU A UAIIACTO 


357 


152 


AADDOAU A aACUOGA 


363 


154 


uoaaoAU a cdogada 


372 


157 


AUAOACa U GAOAAAU 


375 


161 


ACUUGAU A AADCADG 


380 


165 


GAOAAAU C AUGAADG 


383 


176 


AADGCAU A GDGAGAA 


385 


188 


GAAAACU U GADGAAA 


391 


208 


GCCACAU U UACADUC 


396 


209 


CCACADU U ACAUOCC 


398 


210 


CACADUa A CAODCCa 


402 


214 


UOOACAU U CCOGGUC 


406 


215 


UUACADa C CDGGUCA 


410 


221 


OCCOGGa C AACUADG 


411 


226 


GOCAACa A OGAAADG 


412 


239 


UGAAACO A UCACACA 


421 


241 


AAACOAU U ACACAAA 


423 


242 


AACUAUCJ A CACAAAG 


424 


251 


ACAAAGU A GGAAGCA 


432 


261 


AAGCACU A AAXIAOAA 


434 


265 


ACOAAAU A OAAAAAA 


446 


267 


UAAAUAU A AAAAAUA 


448 


274 


AAAAAAU A UACUGAA 


454 



HH Targ-et Sequence 



AAAADAU A CDGAAUA 
ACUGAAU A CAACACA 
ACAAAAU A UGGCACU 
UGGCACU U UCCCUAU 
GGCACUU U CCCOAUG 
GCACUUU C CCUAUGC 
OUUCCCU A UGCCAAD 
CGCCAAU A TOCACrC\ 
CCAADAU 0 CAUCAAU 
CAAOAUU C AUCAADC 
™roCAD C AAUCADG 
CADCAAtJ C ADGADGG 
GATOGGa a CDOAGAA 
AUGGGOU C DOAGAAU 
GGGUUCU D AGAAUGC 
GGUUCUU A GAAUGCA 
AADGCAU U GGCAUCA 
UCGGCAU U AAGCCUA 
^JGGCAUU A AGCCUAC 
DAAGCCU A CAAAGCA 
AAAGCAU A CDCCCAU 
GCADACU C CCADAAU 
CTCCCAU A AOAUACA 
CCAUAAU A UACAAGU 
AtJAADAU A CAAGOAU 
ra^CAAGU A DGAUCGC 
CTADGAU C UCAAUCC 
ADGAUCU C AAUCCAU 
UCUCAAU C CAUAAAa 
AAUCCAU A AAUUUCA 
CAUAAAU U UCAACAC 
AUAAAUU U CAACACA 
^^^^AAUUU C AACACAA 
ACACAAU A UUCACAC 
ACAADAU U CACACAA 
CAAUAUU C ACACAAU 
ACACAAU C UAAAACA 
ACAAUCU A AAACAAC 
AACAACU C UADE3CAU 
CAACUCU A UGCAUAA 
UAUGCAU A ACOAUAC 
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458 CAUAACU A U7CTCCA 

460 UAACnAU A COCCAIIA 

463 CUACaca C CADAGUC 

467 ACDCCA0 A GUCCAGA 

470 CCADAOT C CAGAI3GG 

489 CGAAAAU U AnAGOAA 

490 GAAAAUa A OAGaAAU 
492 AAADUAU A GOAADUU 
495 UUAOAGa A ADUUAAA 
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Table 32: RSV (IB) HH Ribozyme Sequence 



at . HH Ribozyme Secjuence 

Fositiion 

10 AtJDGAUU CUGADGAGGCCGAAAGGCCGAA ADUUGCC 

14 COGAAUU CTGAUGAGGCCGAAAGGCCGAA AUUUAUU 

18 UOGGCUG C0GAIK3AGGCCGAAAGGCCGAA ADUGAUU 

19 GOOGGCU CUGAIX3AGGCCGAAAGGCCGAA AAUUGAU 
54 GGDGOAD aJGATOAGGCCGAAAGGCCGAA AUCAUUG 
57 UGOGoCG CaGAX}GAGGCCXaAAG!3CCG?A ADUAUCA 
77 UGaCDGU CDGADGAGGCCGAAAGGCCGAA AUCAUCA 
54 AAGDGAC OJGAUGAGGCCGAAAGGCCGAA ACGGUCU 
57 CDCAACa CXK3ADGAGGCCGAAAGGCCGAA ACAACGG 

-01 PGCPCC C CUGADGAGGCCGAAAGGCCGAA AGUGACA 

110 ADGOUAU COGAUGaUSGCaSAAAGGCTGAA AUGGDCU 

113 GC3GADGU CUGATOAGGCaSAAAGGCCGAA ADOAUGG 

118 GGOUAGa CDGADGAGGCCGAAAGGCCGAA ADGDUAU 

-22 CPCDGGD CDGADGAGGCCGAAAGGCCGAA AGDGADG 
^^OUAU CDGADGAGGCCGAAAGGCCGAA AUGDCDC 

137 DGOGDGO CDGADGAGGCCGAAAGGCCGAA ADGADGD 

148 GDADADA CDGADGAGGCCGAAAGGCCGAA ADDDGDG 

149 AGUADAU CDGADGAGGCCGAAAGGCCGAA AADDDGU 

150 AAGOAUA CDGADGAGGCCGAAAGGCCGAA AAADDDG 
2-52 DCAAGOA CDGADGAGGCCGAAAGGCCGAA ADAAAUU 
-54 DADCAAG CDGADGAGGCCGAAAGGCCGAA ADPJDAAA 
157 ADDDADC CDGADGAGGCCGAAAGGCCGAA AGOAnAU 
161 CADGADD CDGADGAGGCCGAAAGGCCGAA ADCAAGU 
165 CADDCAU CDGADGAGGCCGAAAGGCCGAA ADDDADC 
176 DTODCAC CDGADGAGGCCGAAAGGCCGAA ADGCADD 
188 DDDCADC CDGADGAGGCCGAAAGGCCGAA AGDDDDC 

208 GAADGDA CDGADGAGGCCGAAAGGCCGAA ADGDGGC 

209 GGAADGD CDGADGAGGCCGAAAGGCCGAA AADGDGG 

210 AGGAADG CDGADGAGGCCGAAAGGCCGAA AAADGDG 

214 GACCAGG CDGADGAGGCCGAAAGGCCGAA ADGDAAA 

215 DGACCAG CDGADGAGGCCGAAAGGCCGAA AADGDAA 
221 CADAGDD CDGADGAGGCCGAAAGGCCGAA ACCAGGA 
226 CADDDCA CDGADGAGGCCGAAAGGCCGAA AGDDGAC 
239 DGDGOAA CDGADGAGGCCGAAAGGCCGAA AGDDDCA 

241 tXTOGDGD CDGADGAGGCCGAAAGGCCGAA ADAGDDU 

242 CDODGDG CDGADGAGGCCGAAAGGCCGAA AADAGDD 
251 DGCDDCC CDGADGAGGCCGAAAGGCCGAA ACDDDGO 
261 PQftP^PCT CDGADGAGGCCGAAAGGCCGAA AGOGCDU 
265 DODDDDA CDGADGAGGCCGAAAGGCCGAA AUDDAGD 
267 UAUDDDD CDGADGAGGCCGAAAGGCCGAA AUADDDA* 
274 DDCAGDA CDGADGAGGCCGAAAGGCCGAA ADDDDDU 
276 DADDCAG CDGADGAGGCCGAAAGGCCGAA ADADDDU 
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283 OSUGOUG CDGATOAGGCCGAAAGGCCGAA ADUCAGCJ 

295 .AGOGCCA. COSaoSAGGCCGAAAGGCCGAA ADUUOGU 

AnaCGGA CUGAOSAGGCCGAAAGGCCGAA AGOGCCA 

304 CftOAGGG CUGATOAGGCCGAAAGGCCGAA AAGCGCC 

305 GCAIIAGG CUGATOAGGCCGAAAGGCCGAA AAAGDGC 
309 ADUGGCA CUGADGACXXXGAAAGGCCGAA AGGGAAA 
317 t3GADGAA OTCaUXSAGGCXXaUUUKXXXSA^ ADDGGCA 

319 AOTGADG CUGAIXSauSGCCGAAACGCCGAA ADMJOGG 

320 GADUGAU OJGAUGAGGCCGAAAGGCCGAA AAUAUCG 
323 CADGAOa CDGAIX3SU3GCCX3AAAGGCCG^ ADGAAt2A 
327 CCaPC AP CDGMXSUX^CCGAAAGGCCGAA ADCC33UK3 

337 UDCOAAG CTOADGftGGCCXSSUUlGGCCGAA ACCCADC 

338 ADDCOAA CUGMXSaGGCrGaAAGGCCGAA AACCCAU 

340 GCMJDCa OTGAXXSAGGCXrcSAAAGGCCGAA AGAACCC 

341 T3GCaDCC CTCAIKaGGCaSAAAGtXXX^ AAGAACC 
350 UAADGCC CDGADGaCCXXrGAAAGGCCGAA ADGCADU 

356 UAGGCUU OKSacmGGCOGAAAGGCCGAA ADGCCAA 

357 GOaGGCa aJGATOMCXXlSAAAGGCCGAA AADGCCA 
363 CGCDUro CUGMX31GGCCGAAAGGCCGAA AGGCDUA 
372 ACGGGAG OKaraaGGCXXSAAAQCSCCGAA ADGCODU 
375 ADOftDGG OKSaasaGGCCGAAAGCXr^ AGDADGC 
3^0 roCRIPaT CDGATOAGGCOTUiAGGCCGAA ADGGGaC 
383 ACDOGUA CUGADGAGGCCGAAAGGCCGAA ADUADGG 
385 AHACUUG CDGAIXaGGCCGAAAGGCCGAA AnADUHT 
391 GAfS^DCA COGADGAGGCCGAAAGGCXZGAA ACOUGOA 
396 GGaUCIGA COGAIXSyOSCCGAAA^^ ADCailAC 

358 -^ ^DGGA Pg CTGaroaGGCCGAAAGGCCGAA AGADCAU 
402 ADOUAUG CUGAUGAGGCCGAAAGGCCGAA ADDGAGA 
406 PgAAADU COGAimGGCCGAAAGGCCGAA ADGGADa 

410 Uu^Uu^ CDGADGAGGCCGAAAGGCCGAA ADUaAUG 

411 Ika^uG OJGAIXSAGGCCGAAAGGCCGAA AADUDA0 

412 UUv^O^ U CDGAIKSAGGCCGAAAGGCCGAA AAADUUA 
^■^ ^^^'^^^ CXXSATCBUSGCCGAAAGGCCGAA ADOGOGa 

423 UOTOTOG aXSATOAGGCXrCAAAGGCCGAA ADADUGO 

424 ADUUJGU Ct3GADGAGGCCX3AAAGGCCGAA AAUADOG 
432 DOTDUroi CDGADGAGGCCGAAAGGCCXSAA ADOGTOCT 
434 GODGDUU aJGATOAGGCCGAAAGGCCGAA AGADOGG 
446 AD3CAUA CTOADGAGKXXSAAAGGCCGAA AG UU G UU 
448 UOADGCA CCK^DGAGGCOGAAAGGCCGAA AGAGUTO 
454 GOAnAGa CDGAIX3AGGCCGAAAGGCXGAA ADGCADA 
453 UGGAGOA CDGADGAGGCCGAAAGGCCGAA AGDUADG 
460 UADGGAG CDGAUGAGGCCGAAAGGCCGAA AnAGTOA 
463 GACOA DG CDGAUGAGGCCGAAAGGCCGAA AGUAOAG 
467 DCUGGAC CDGADGAGGCCGAAAGGCCGAA ADGGAGD 
470 CCADCDG CDGADGAGGCCGAAAGGCCGAA ACUADGG 

489 DOACUAU CDGADGAGGCCGAAAGGCCGAA ADDODCA 

490 ADDACDA CDGADGAGGCCGAAAGGCCGAA AADDDUC ' 
492 AAAUUAC CDGADGAGGCCGAAAGGCCGAA AUAADDD 
49o UDDAAAD CDGAUGAGGCCGAAAGGCCGAA ACOAUAA 
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Table 33 : RSV (IC) HH target Sequence 



Position 

10 

16 

17 

21 

25 

31 

32 

36 

37 

38. 

42 

46 

50 

51 

67 

68 

71 

76 

81 

87 

88 

92 

93 
100 
101 
104 
105 
120 
125 
128 
129 
135 
143 
145 
151 
155 
156 
159 
163 
164 



Taxget Saq\ienco 



GGCAAAU 

AAGAADD 
AUUUGAU 

aaccacu 
Accacou 

CUUAAAU 
UOAAAUa 

nAAAoua 

UuuAACO 
ACUCCCU 
CCDDGGa 
CUOGGUU 
CAGCAAU 
AGCAADU 
AAUUCAU 
ACJDGAGU 

UAAAAGU 
AAAAGOU 
GUUAGAU 
UUAGAUU 
ACAAAAU 
OVAAADU 
AADOOGU 
ALiUUGUU 
AUGAAGU 
GUAGCAU 

GCAtroca 

CAIKJGOU 
UAAAAAU 
ACADGCU 
AUGCOAD 
UACUGAU 
GAUAAAU 
AUAAAUU 
AADOAAU 
AAUACAU 
AUACAUU 



A AGAACUU 
U UGAUAAG 
U GAUAAGU 
A AGCACCA 
A CCACUUA 
U AAAUUUA 
A AAI3UUAA 
U UAACOCC 
U AACXJCCC 
A ACUCCCU 
C CCUUGGU 
U GGUUAGA 
U AGAGAUG 
GAGADGG 
CAUUGAG 
AXJUGAGU 
GAGOZVUG 
UGAUAAA 
AAAGOUA 
AGADOAC 
GAUUACA 
ACAAAAD 
CAAAADU 
UGUUUGA 
GUUUGAC 
UGACAAU 
GACAAUG 
GCAUUGU 
GOUAAAA 
AAAAAUA 
AAAAUAA 
ACADGCU 
UACUGAU 
CUGAQAA 
AAUOAAU 
U AAUACAU 
A AUACAUU 
A CAUUUAA 
U UAACUAA 
U AACUAAC 



A 
U 
C 

u 

A 
A 
U 
A 
U 
A 
U 
U 

u 
u 

A 

u 
u 

A 
A 
A 
A 
A 



at , 
Position 



169 

175 

176 

131 

192 

196 

201 

206 

216 

221 

222 

231 

222 

234 

235 

241 

247 

249 

250 

256 

259 

262 

265 

267 

270 

273 

278 

283 

284 

285 

300 

303 

316 

317 

319 

321 

338 

339 

346 



Taxg'ot Seqv.enc€ 



UACAUUU 
UUUAACa 
UAACGCU 
AACGCUU 
UUUGGCU 
CAGCGAU 
GAUACAU 
AUACAAU 
AUCAAAU 
ADGGCAU 
AUUGUGU 
UUGUGUU 
UGCAUGU 
GCACGUU 
ACGUUAU 
CGUUAUU 
UACAAGU 
UAG;2GAU 
GUGAUAU 
UGAUAUU 
UUGCCCU 
CCCUAAU 
UAAUAAU 
UAAUAAU 
AUAAUAU 
ADADUGU 
UUGUAGU 
GUAAAAU 
AUCCAAU 
UCCAAUU 
CCAAUUU 
UGCCAGU 
CAGUACU 
UGGAGGU 
GGAGGUU 
AGGUUAU 
GUUAUAU 
AUGGAAU 
CGQAAUU 
AACACAU 



ACOAACG 
ACGCUUU 
UGGCUAA 
GGCUAAG 
AGGCAGU 
CAUACAA 
CAAUCAA 
AAAUUGA 
GAADGGC 
GUGDUCG 
UGCGCAU 
GUGCAUG 
U AUUACAA 
A UUACAAG 
ACAAGUA 
CAAGUAG 
GUGAUAU 
UUUGCCC 
UGCCCUA 
GCCCUAA 
AUAAUAA 
AUAAUAU 
AUADUGU 
UUGUAGU 
GUAGUAA 
GUAAAAU 
AAAUCCA 
CAAUDUC 



A 
A 
U 

u 

A 
A 
A 
C 

u 
u 
u 

u 



U UCACAAC 
CACAACA 
ACAACAA 
CUACAAA 
CAAAAUG 
AUAUAUG 
UAUAUGG 
UAUGGGA 
UGGGAAA 
AACACAU 
ACACAUU 



U GCUCUCA 
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350 

352 

358 

364 

366 

369 

379 

387 

388 

392 

393 

395 

405 

412 

413 

427 

428 

430 

436 

440 

441 

443 

449 

450 

453 

458 

459 

463 

465 

466 

469 

473 

477 

478 

480 

483 

484 

487 

489 

494 

501 

507 

511 

519 

520 

523 

524 
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CAUUGCU 
OOGCUCU 
UCAACOJ 

ADGGUCU 
GDCOACD 
UGACAAH 
GOGAAAH 
UGAAAUU 
AUOAAAXJ 
UOAAADU 
AAAUULU 
AAAAACCT 

ASUGADU 
CACCMJJ 

UADGAAIJ 



UCAACOJ 
AACCUAA 
ADGGDCa 
UACOAGA 
CDAGAUG 
GAUGACA 
GDGAAAC7 
AAADDCa 

AAtrocuc 

CDCCAAA 
nCCAAAA 
CAAAAAA 
AGCGAOU 
CAACAAIJ 
AACAATO 
ADAOGAA 
UAOGAAU 
TOAADCA 
AADOADC 
AUCUGAA 



ADCAADU A tJCDQAACJ 
CAADOACJ C tKSAADOA 
UCOGAAU U ACOUGGA 
CCGAAUU A CODGGA0 
AADUftCU U GGADUDG 
COOGGMJ U OGAUCUU 

ucGGana u gadcuua 

AUtTOGAa C DUAADCC 
OOSADCa U AATCCaU 
OGADCUU A ADCCaOA 
UCUUAAa C CADAAACJ 
AAIJCCAa A AADdAIZA 
CAQAAAQ U AUAADOA 
iUCIAAADa A UAADOAA 
AAAUOAIT A ADQAAXIA 
nUAZZAAa U AAOADCA 
UMffiADO A ADADCAA 
AADOAAU A DCAACOA 
UUAAnaU C AACOAGC 
ADCAACU A GCAAADC 
AGCAAAU C AADGOCA 
OCAADGU C ACOAACA 
UGOCACD A ACACCAU 
ACACCAU U AGOOAAU 
CACCAUU A GUUT^AOA 
CAZJUAGU D AAnAOAA 
ADUAGTO A ACMAAA 
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Table 34: RSV (IC) HH Ribozyme Sequence 



lit • HH HJ^ozyme Sec^uenca 

Position 

10 AAAXroca CUGAroAGGCCGAAACGCCGAA ADDCGCC 

16 CDOAUCA CDGADGaGGCCGAAAGGCCG;:tA ADCCUCA 

17 ACOUADC COGADGaW^GCCXSAAAGGCCGAA AADCCDD 
21 UGGOACU CCGAIXSAGGCCGAAAGGCCGAA ;ux:aaAD 
25 UAAGCGG OJGAIXSaGGCCGAAAGGCCGAA ACUOAUC 

31 UAAADDU eJGAtXSaGGCCGAAAGGCCGAA AGoGGUA 

32 UUAAAUU CCGAUCSdGGCCGAAAGCSCCGAA AAGUGGD 
36 GGAGDOA CUGAroAGGCCGAAAGGCCGAA ADDOAAG 
3*7 GGGaGUtJ ajGAUGAGGCCGAAAOSCCGAA AAUUUAA 
38 AGGGAGU CDGADGAGGCCGAAAGGCCGAA AAADOOA 
42 ACCAAGG CUGAD3AGGCCGAAAGGCCGAA AGDOAAA 
46 UCOAACC CIKSAXJCAGGCCGAAAGGCCGAA AGGGAGU 

50 CAOCUOJ CDGADGAGGCCGAAAGGCCGAA ACCAAGG 

51 CCAUCUC CUGADGAGGCCGAAAGGCCGAA AACCAAG 

67 CCCAADG CDGADGAGGCCGAAAGGCCGAA AUDGCCG 

68 ACOCAAU CUGADGAGGCCGAAAGGCCGAA AADDGCU 
71 CADACUC CDGADGAGGCCGAAAGGCCGAA ADGAADU 
76 UUDADCA CDGADGAGGCCGAAAGGCCGAA ACCCAAD 
81 DAACDDD CDGADGAGGCCGAAAGGCCGAA ADCADAC 

87 G^DCU CDGADGAGGCCGAAAGGCCGAA ACDDDDA 

88 DGDAADC CDGADGAGGCCGAAAGGCCGAA AACDDDD 
92 ADDDDGD CDGADGAGGCCGAAAGGCCGAA ADCUAAC 
53 AAIKJDDG CDGATOAGGCCGAAAGGCCGAA AADCDAA 

100 UCAAACA CDGADGAGGCCGAAAGGCCGAA ADDDDGD 

101 GDCAAAC CDGADGAGGCCGAAAGGCCGAA AADDDDG 
-04 ADDGDCA CDGADGAGGCCGAAAGGCCGAA ACAAADD 
105 CAETOGDC CDGADGAGGCCGAAAGGCCGAA AACAAAD 
120 ACAADGC CDGADGAGGCCGAAAGGCCGAA ACDDCAD 
-125 DDDDAAC CDGADGAGGCCGAAAGGCCGAA ADGCDAC 

128 UADDDDD CDGADGAGGCCGAAAGGCCGAA ACAADGC 

129 DUADDDD CDGADGAGGCCGAAAGGCCGAA AACAADG 
135 AGCADGD CDGADGAGGCCGAAAGGCCGAA ADDDDDA 
143 ADCAGDA CDGADGAGGCCGAAAGGCCGAA AGCADGD 
145 DUADCAG CDGADGAGGCCGAAAGGCCGAA ADftGCAD 
151 ADOaA DD CDGADGAGGCCGAAAGGCCGAA ADCAGDA 

155 ADGOADD CDGADGAGGCCGAAAGGCCGAA ADDOADC 

156 AADGDAD CDGADGAGGCCGAAAGGCCGAA AADDDAD 
159 DDAAADG CDGADGAGGCCGAAAGGCCGAA ADUAADD 
163 DDAGDUA CDGADGAGGCCGAAAGGCCGAA ADGDADD 
154 GDUAGDD CDGADGAGGCCGAAAGGCCGAA AAUGDAD 
165 CGDUAGD CDGADGAGGCCGAAAGGCCGAA AAADGDA 
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AAAGCGU COGADGAGGCCGAAAGGCCGAA AGUmAA 

-75 UUAGCCA COGADGAGGCCGAAAGGCCGAA AGCGDUA 

176 CUOAGCC COGATOAGGCCGAAAGCSCCGAA AAGCGUU 

183. ACOGCCU CDGADGAGGCCGAAAGGCCGAA AGCCAAA 

132 UOGOADG CDGADGAGGCCGAAAGGCCGAA AUCACDG 

196 OTGADUG CDGADGAGGCCGAAAGGCCGAA AUGOAUC 

201 UCAADDO CXIGAIK3AGGCCGAAAGGCCGAA AUDGCffUJ 

206 GCCADUC CDGAUGAGGCCGAAAGGCCGAA AUODGAU 

216 CAAACAC OJGADGAGGCCGAAAGGCCGAA ADGCCAU 

221 ADGCACA CDGATOAGGCCXSAAAGGCCGAA ACACAAU 

222 CAOSCaC CUGADSArSGCCGAAAGGCCGAA AACACAA 

231 ODOTUVU C0GAU3AGGCCGAAAGGCCGAA ACADGCA 

232 COUGUftA CUGADSAGGCCX3AAAGGCCGAA AACAUGC 

234 UACUUOT COGAOSAGGCTGAAAGGCCGAA AUAACAU 

235 COACOOG CUGAUSAGGCCGAAAGGCCQAA AAUAACA 
241 AUMJCAC CDGAU3AGGCCGAAAGGCCGAA A CUbGUA 
247 GGGCAAA CUGATCAGGCCGAAAGGCCGAA AUCAOIA 

249 UAGGGCA CTOSAtJGAGGCCGAAAGGCXIXSAA AOADCAC 

250 OTAGGGC CDGADGAGGCCGAAAGGCCXSAA AAnAUCA 
256 UORDnAU OJGADGAGGCCGAAACGCCGAA AGGGCAA 
259 AnADOAi; CDGADGAGGCCGAAAGGCCGAA ADOAGGG 
262 ACAADAU GTOSOJGAGGCCGAAAGGCCGAA ADUADDA 
265 ACOACAA CUGADGAGGCCGAAAGGCCGAA ADaADOA 
267 P^ftCOA C COGADGAGGCCGAAAGGCCGAA AUADUAU 
270 ADUDOAC CDGADGAGGCCGAAAGGCCGAA ACAAHAU 
2*73 DGGADTO CDGADGAGGCCGAAAGGCCGaA ACOACAA 
2*78 GPAP^G CUGADGAGGCCGAAAGGCCGAA AUUOUAC 
283 CTDOTGA CDGADGAGGCCGAAAGGCCGAA ADUGGAU 

^l^"^^^-^ CUGADGAGGCCGAAAGGCCGAA AAUUGGA 

285 UUUiU^u CDGADGAGGCCGAAAGGCCGAA AAADCGG 

300 UODGUAG CUGADGAGGCCGAAAGGCCGAA ACUGGCA 

303 CADUODG CDGADGAGGCCGAAAGGCCGAA AGOACUG 

316 CADADAD CDGADGAGGCCGAAAGGCCGAA ACCUCCA 

317 CCMIAUA CDGADGAGGCCGAAAGGCCGAA AACCDCC 
319 DCCCADA CDGADGAGGCCGAAAGGCCGAA ADAACOJ 
^21 ^JpPCCCA CDGADGAGGCCGAAAGGCCGAA AUADAAC 
338 ADGDGDU CDGADGAGGCCGAAAGGCCGAA ADDCCAD 

AADGDGD CDGADGAGGCCGAAAGGCCGAA AADDCCA 

346 DGAGAGC CDGADGAGGCCGAAAGGCCGAA AUGOGDD 

AGGDDGA CDGADGAGGCCGAAAGGCCGAA AGCAADG 

^52 DOAGGDU CDGADGAGGCCGAAAGGCCGAA AGAGCAA 

358 AGACCAD CDGADGAGGCCGAAAGGCCGAA AGGDDGA 

364 DCDAGDA CDGADGAGGCCGAAAGGCCGAA ACCADDA 

366 CADCDAG CDGADGAGGCCGAAAGGCCGAA AGACCAD 

369 DGDCADC CDGADGAGGCCGAAAGGCCGAA AGDAGAC 

379 ADDDCAC CDGADGAGGCCGAAAGGCCGAA ADDGDCA 

387 AGAADDU CDGADGAGGCCGAAAGGCCGAA ADDDCAC* 

388 GAGAAUD CDGADGAGGCCGAAAGGCCGAA AADDDCA 
392 DDDGGAG CDGADGAGGCCGAAAGGCCGAA ADDUAAU 
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393 OTUDGGA OJGADGAGGCaSAAAGGCCGAA AADOOAA 

UUOUUUG CDGACGAGGCCGAAAGGCCGAA AGAAUUU 
405 AOTCACa COGaCGAGGCaSAAAGGCCGAA AGUUOUU 

412 ADDCTUG CDGAOSAGGCCGAAAGGCCGAA AOCACDU 

413 CADDGUa COGAtXSAGGCCGAAAGGCCGAA AADCACU 

427 DUCAUAU OTGADSAGGCCX3AAAGGCCGAA ADUGGDC 

428 ADOCADA COGADGAGGOXSAAAGGCCCSAA AADDGGD 
430 DGADUCA CBGAIX3AGGCCGAAAGGCCGAA AtlAADUG 
436 GAnT^DCT CUGAISSAGGCCGAAAGGCCGAA AUUCADA 

440 DDCAGAU CUGADGAGGCCGAAAGC3CCGAA AUIXSAUU 

441 ADUCAGA aJGATOAGGCaSAAAGGCCGAA AADOGAU 
443 UAADDCA CUGAUGAGGCCGAAAGGCCGAA AUAAUDG 

449 DCCAAGa CTGADGAGGCCGAAAGGCCGAA ADDCAGA 

450 ADCCAAG aXSAOTAGGCCGAAAGGCCGAA AADUCAG 
453 CAAAUCC OTGADGAGGCCGAAAGGCCGAA AGOAAUU 

458 AAGADCA CUGADGAGGCCGAAAGGCXX3AA ADCCAAG 

459 XIAAGAUC CCGADGAGGCCGAAAGGCCGAA AAUCCAA 
4^3 GGAXJOAA COGADGAGGCCGAAAGGCCGAA ADCAAAU 

465 AtXXSADa CDSADGAGGCCGAAAGGCCGAA AGADCAA 

466 TODGG AOr COGADGAGGCCGAAAGGCCGAA AAGAUCA 
469 ADOOADG CUGADGAGGCCGAAAGGCCGAA ADOAAGA 
473 UADAADU CUGADGAGGCCGAAAGGCCGAA ADGGADU 

477 DAADOAU CUGADGAGGCCGAAAGGCCGAA ADUUADG 

478 UOAADDA CUGADGAGGCCGAAAGGCXX3AA AADDUAU 
480 DADUAAU CUGADGAGGCCGAAAGGCCGAA ADAADUD 

483 OGADAUU CUGADGAGGCCGAAAGGCCGAA ADOAUAA 

484 UDGADAD CUGADGAGGCCGAAAGGCCGAA AADUADA 
48'^ DAGUDGA CDGADGAGGCCGAAAGGCCGAA ADDAAUa 
489 GCOAGUD CDGADGAGGCCGAAAGGCCGAA AUADDAA ' 
494 GADDDGC CDGADGAGGCCGAAAGGCCGAA AGDDGAU 
501 TCACADD CUGADGAGGCCGAAAGGCCGAA ADUDGCD 

f ^"^ PgO^^ CUGADGAGGCCGAAAGGCCGAA ACADDGA 

511 ADGGDGD CDGADGAGGCCGAAAGGCCGAA AGDGACA 

519 ADOAACD CUGADGAGGCCGAAAGGCCGAA ADGGUGD 

^20 DADDAAC CDGADGAGGCCGAAAGGCCGAA AADGGDG 

523 DDADADU CDGADGAGGCCGAAAGGCCGAA ACDAADG 

o24 DDOADAD CDGADGAGGCCGAAAGGCCGAA AACDAAU 
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Table 35: RSV (N) HH Target Sequence 
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nt , 
Position 

9 

21 

23 

24 

32 

37 

45 

SO 

60 

65 

66 

70 

73 

82 

89 
108 
111 
113 
117 
120 
123 
126 
127 
146 
150 
154 
155 
166 
167 
169 
170 
173 
186 
189 
192 
196 
197 
205 
206 
209 
213 



HH Target Secxuence 



GGCAAAU 
GAUGGCU 
UGGCUCa 

GGcucau 

GCAAAOJ 

GAAOGAU 
AUACACU 
CAAAGAU 
ADCAAOJ 
DCAACUU 
CODCDGa 
CDGDCAU 
AGCAAAD 
ACACCAU 

AGAHAGU 
AnAGUAU 
UADUGAU 
X3GAUACU 

UAcaccu 

UCCUAAU 
CCUAADU 
AACACAU 
CAUCAAD 
AAUAAGU 
AUAAGUa 
GGCADGU 
GCAUGDU 
AUGUUAU 
UGUUADU 
UAUUAAU 
AGADGCU 
UGCUAAU 
UAAUCAU 
CAUAAACr 
AOAAAUU 
ACOGGGU 
CUGGGCJU 
GGDUAAU 
AAUAGGU 



A CAAAGAU 
C UCAGCAA 
AGCAAAG 
GCAAAGU 
AAGUUGA 
GAACGAU 
CACUCAA 
AACAAAG 
AACUDCD 
CDGUCA0 
UGUCADC 
ADCCAGC 
CAGCAAA 
CACCAUC 
CAACGGA 
GUAUOGA 
I3UGAOAC 
GAOACaC 
CCCCOAA 
CUAAUDA 
AUOADGA 
ADGADGU 
UGAOGOG 
AADAAGU 
A AGUUADG 
U ADGtJGGC 
rSGUGGCA 
ADOAADC 
UUAAUCA 
AAUCACA 
AX7CACAG 
ACAGAAG 
ADCADtAA 
AOAAAUU 
AAUUCAC 
CACUGGG 
ACUGGGU 
AAUAGGU 
AUAGGUA 
GGUAUGU 
UGUUAUA 



U 
A 
C 
U 
A 
C 

c 
u 
c 
c 
c 

A 

c 

A 
A 
U 
A 
C 
A 
U 
A 
C 



zit . 
Position. 

217 
218 

220 

229 

231 

235 

236 

254 

260 

263 

277 

279 

284 

299 

305 

315 

318 

326 

327 

346 

347 

355 

356 

361 

370 

371 

383 
384 
389 
395 
401 
406 
408 
415 
418 
431 
449 
453 
460 
472 
474 



HH Target Se<iuence 



GGUAUGU 
GCAUGUU 
AUGUUAU 
GCGADGU 
GAUGUCU 
UCUAGGU 
CUAGGUU 
ACACCAU 
UAAAAAU A 
AAAUACU C 
GCGGGAU 
GGGAOAU 

- AUCADGU 
AUGGAGU 
UAGAC3GU 
AACACAU 
ACAUCGU 
AAGACAU 
AGACADU 
AUGAAAU 
UGAAAUU 
GAAGUGU 
AAGUGUU 
UUAACAU 
GCAAGCU 
CAAGCUU 

CUGAAAU U 

UGAAADU C 

UUCAAAU 

UCAACAU 

UUGAGAU 

AUAGAAU 

AGAAUCU 

AGAAAAU 

AAAUCCU 

AAAUGCU 

GAGAGGU 

GGUAGCU 

CCAC^U 

CAUGACU 

UGACUCU 



c 
u 

A 

c 

A 
C 
A 
A 
A 
C 
A 
C 
C 



AUADGCG 
UAjCGCGA 
CGCGADG 

uagguca 

GGUUAGG 
AGGAAGA 
GGAAGAG 
AAAAUAC 
CUCAGAG 
AGAGAUG 
CCAUGUA 
AUGUAAA 
AAAGCAA 
GATOUAA 
ACAACAC 
GUCAAGA 
AAGACAU 
AACGGAA 
ADGGAAA 
CGAAGUG 
GAAGUGU 
AACADUG 
ACAUUGG 
GGCAAGC 
AACAACU 
ACAACUG 
CAAAUCA 
AAAUCAA 
AACAUCG 
GAGAUAG 
GAAUCUA 
UAGAAAA 
GAAAAUC 
COACAAA 
CAAAAAA 
AAAGAAA 
GCUCCAG 
CAGAAUA 
CAGGCAU 
UCCUGAU 
CUGAUUG 
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•480 

491 

494 

496 

497 

501 

503 

511 

512 

515 

518 

522 

526 

527 

544 

549 

551 

552 

563 

564 

573 

576 

581 

584 

603 

604 

613 

614 

617 

629 

640 

641 

643 

652 

653 

663 

670 

671 

672 

674 

680 

681 

€82 

683 

686 

687 

690 

691 

692 
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UCCUGAU 
GGAUGAU 

UAADAUa 
AXiTUADGU 
□AUGUAU 
GCAGCAU 
CAGCADQ 
CAXTUAGa 
UAGUAAU 
AAIZAACa 
ACOAAAU 
COAAAUU 
GACAGAIT 
ADCnGGD 
COGGOCa 
DGGOCUU 
CCGDGAU 
OGOGADD 
GAGAGCU 
AGCOAAU 
ADAADGU 
ADGDCCa 
GAAAOGU 
AAACGUU 
AAAGGCU 
AAGGCUC7 
GCUCACX7 
AGGACAD 
AACAGCa 
ACAGCOU' 
AGCOUCD 
GAAGUGU 
AAGOGOa 
AAAACAC7 
CCCGACa 
CCCACOT 
CXIACUDU 
ACOUUAa 
UAGADGU 
AGAUGUU 
GAUGOOU 
AUGUUUU 
UUDOOGD 
UUUOGCTCr 
DGUOCAD 
GUUCAUU 
UUCAUUU 



U GUGGGAU 
A AIIAXJUArr 
A UUADGUA 
U AUGOAIIA 
A UGUAnAG 
A UAGCAGC 
A GCAGCAU 
U AGOAADA 
A GUAADAA 
A ACAACQA 
A ACnAAAU 
A AAOOAGC 
U AGCAGCA 
A GCAGCAG 
C UGGUCUU 
UOACAGC 
ACAGCCG 
CAGCCGU 
AGSAGAG 
GGAGAGC 
ADAADGU 
ADGOCCU 
COAAAAA 
AAAAATO 
ACAAAGG 
CAAAGGC 
ACUACCC 
COACCCA 
CCCAAGG 
GCCAACA 
COAUGAA 
UADGAAG 
DGAAGOG 
UGAAAAA 
GAAAAAC 
CCCACD0 
UAIXAGAU 
AUAGAIX: 
UAGAUGU 
GACGUUD 
UULKJUUC 
UDGUOCA 
U UGDUCAU 
U GOUCAUU 
U CADUOUG 
C ADUUUGG 
U UUGGOAU 
U UGGUADA 
U GGOAUAG 



C 

u 

A 
U 
A 
A 
A 
C 
A 

a 

A 

u 

A 
A 
A 
U 
C 
A 
U 

u 

C 

u 
0 

A 
A 

u 
u 



696 

698 

706 

708 

709 

711 

726 

731 

740 

741 

742 

743 

751 

754 

755 

756 

766 

787 

788 

800 

802 

803 

811 

815 

816 

822 

824 

825 

829 

830 

840 

866 

869 

875 

876 

877 

883 

895 

913 

914 

916 

921 

923 

925 

943 

946 

947 

949 

950 



UUUDGGU 
UOGGUAU 
GCACAAU 
ACAAUCa 
CAADCUU 
AUCUUCU 
UGGCAGU 
GUAGAGU 
AAGGGAU 
AGGGAUU 
GGGADUU 
GGAUDUU 
GCAGGAU 
GGAUUGU 
GADUGUU 
AUDGDUU 
AADGCOJ 
GOGAUGO 
XJSAD3UU 
GGGGAGU 
GGAGaOJ 
GAGUCDU 
GCAAAAD 
AADCAGa 
ADGAGOU 
UAAAAAU 
AAAAUAU 
AAAtJAUU 
AUUAUGU 
UOAUGUU 
ACADGCU 
AACAAGa 
AAGODGU 
UDGAGGD 
UGAGGUU 
- GAGGUUU 
UAI3GAAU 
CAAAAAU 
GCAGGAU 
CAGGAUU 
GGAUUCU 
COACCAU 
ACCAUAU 
CAUAUAU 
AAAGCAU 
GCAUCAU 
CAUCAUU 
UCAUUAU 
CAUUAUU 



A 
A 
C 

u 
c 

A 
A 



UAGCACA 
GCACAAU 

Ducuacc 

COT^CAG 
UACCAGA 
CeAGAGG 
GAGUUGA 
U GAAGGGA 
U DUUGCAG 
U UUGCAGG 
U UGCAGGA 
U GCAGGAU 
V GUUUAUG 
U UADGAAU 
AUGAAUG 
UGAAUGC 
UGGUGCA 
ACGGUGG 
CGGUGGG 
UUAGCAA 
AGCAAAA 
GCAAAAU 
AGUOTUUl 
AAAAAUA 
AAAAUAU 
UOAUGUU 
AUGUUAG 
UGUUAGG 
U AGGACAU 
A GGACAUG 
A GUGUGCA 
U GUUGAGG 
U GAGGUUU 
U UAUGAAU 
U ADGAAUA 
A UGAAUAU 
A UGCCCAA 
U GGGUGGU 
U CUACCAU 
UACCAUA 
CCAUAUA 
UAUOGAA 
tJUGAACA 
GAACAAC 
AUUAUUA 
AUUAUCU 
UUAUCUU 
AUCUUUG 
UCUUUGA 



u 

A 
A 
U 
A 
C 

u 

A 
C 

u 

A 
A 
U 
A 



SUBSTITUTE SHEET (RULE 26) 



wo 95/23225 



PCT/IB95/00156 



276 



952 


OCMJOAU C UUOGACU 


954 


ADDAUCU U DGACUCA 


955 


UOAUCUa U GACUCAA 


960 


UUUGACa C AADUDCC 


964 


ACUCAAD U UCCUCAC 


965 


CCrCAAUU U CCUCACU 


966 


CCAADDO C CDCACDD 


969 


AUUUCCtT C ACUDCCC 


973 


CCUCACU U COCCAGa 


974 


CUCACCU C TCCAGUG 


976 


CACUUCU C CAGDGOA 


983 


CCaGOGU A GOADOaG 


986 


GUGUAGa A UOAGSCA 


988 


GOAGUAtT U AGGCAAa 


989 


tZAGUAUU A GGCAADG 


1007 


CUGGCCU A GGCAUAA 


1013 


UT^GGCAU A ATOGGAG 


1024 


GGAGAGU A CAGAGGU 


1032 


CAGAGGU A CACCGAG 


1044 


GAGGAAtJ C AAGADCU 


1050 


DCAAGAD C OAHADGA 


1052 


AAGADCa A TODGACG 


1054 


GADCOACJ A DGAUGCA 


1072 


AAGGCAU A TCCDGAA 


1085 


AACAACa C AAAGAAA 


1103 


GUGUGAU U AACOACA 


1104 


UGOGADU A ACDACAG 


1108 


ADUAACa A CAGOGOA 


1115 


ACAGOG0 A CUAGACU 


1118 


GOGOACU A GACOUGA 


1123 


COAGACtJ tJ GACAGCA 


113'9 


AAGAACU A GAGGCOA 


1146 


AGAGGCa A TJCAAACA 


1148 


AGGCOAa C AAACAUC 


1155 


CAAACAU C AGCDDAA 


1160 


ADCAGCO U AADCCAA 


1151 


tICAGCOU A ADCCAAA 


1164 


GCUUAAU C CAAAAGA 


1173 


AAAAGAU A ADGADGD 


1181 


ADGADGU A GAGCUUU 


1187 


UAGAGCXJ U UGAGOUA 


1188 


AGAGCUU U GAGOUAA 


1193 


UUOGAGU U AAOAAAA 


1194 


DDGAGDU A APAAAAA 
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Table 36: RSV (N) HH Ribozyme Sequence 



Position 
9 

21 

23 

24 

32 

37 

45 

50 

60 

65 

66 

70 

73 

82 

89 
108 
111 
113 
117 
120 
123 
126 
127 
146 
150 
154 
155 
166 
167 
169 
170 
173 
186 
189 
192 
196 
197 
205 
206 
209 
213 



HH BShoxymo Sequence 



AUCUUUG CUGAUGAGGCXGAAAGGCCGAA AUUUGCC 
UW3CTAA CXJGATOAGGCCGAAAGGCCGAA AGCCAUC 
CDDUGCU CUGADGAGGCCX3AAAGGCCGAA AGAGCCA 
ACDUUGC CUGaOGAGGCCGAAAGGCCCSAA AAGAGCC 
UCAACUU CUGaUGAGGCCGAAAGGCCGAA ACUODGC 
AUCAUUC CUGACKSAGGCCGAAAGGCXXSAA ACUUGAC 
DOGAGUG CUGAUGAGGCCGAAAGGCCGAA AUCADUC 
CODUGUCJ CUGADGAGGCCGAAAGGCCGAA AGUGUAU 
AC3AAGDU CUGADGAGGCCGAAAGGCCGAA ADCUUDG 
AOGACAG CDGADGaGGCCGAAAGGCCGAA AGUOGAU 
GADGACA OJGADGAGGCCGAAAGGCCGAA AAGOOGA 
GCDGGAU CtXSADSAGGCCGAAAGGCCGAA ACAGAAG 
UODGCXJG CUGAtXSAGGCCGAAAGGCCGAA AUGACAG 
GADGGDG CUGAUGAGGCXrCAAAGGCCGAA AUUDGCXJ 
^rcCGUDG CUGAUSAGGCCX3AAAGGCCGAA ADGGOGa 
XJCAAnAC OJGAtXSAGGCaSAAAGGCaS^ ADCDCCa 
GUAUCAA CUGAUGAGGCCGAAAGGCCGAA ACOAUCa 
GAGUAUC OJGADGAGGCCGAAAGGCCGAA AUACUAU 
OTAGGAG CUGAI3GAGGCCGAAAGGCCGAA ADCAAUA 
UAADUAG CUGADGAGGCCGAAAGGCCGAA AGUAUCA 
XXanAAU COGATOAGGCCGAAAGGCCGAA AGGAGOA 
ACAUCAU CUGADGAGGCCGAAAGGCCGAA ACUAGGA 
CACADCA CDGAIX3AGGCCGAAAGGCCGAA AADDAGG 
ACDDADU CDGADGAGGCCGAAAGGCCGAA ATODGDD 
CAUAACD CDGADGAGGCCGAAAGGCCGAA ADDGADG 
GCCACAD CDGADGAGGCCGAAAGGCCGAA ACDDADD 
DGCCACA CUGADGAGGCCGAAAGGCCGAA AACODAD 
GADOAAD CDGADGAGGCCGAAAGGCCGAA ACADGCC 
UGADUAA CDGADGAGGCCGAAAGGCCGAA AACADGC 
DGOGADD CDGADGAGGCCGAAAGGCCGAA ADffACAD 
CDGDGAD CDGADGAGGCCGAAAGGCCGAA AADAACA 
CDDCDGD CDGADGAGGCCGAAAGGCCGAA ADOAADA 
DDADGAD CDGADGAGGCCGAAAGGCCGAA AGCADCD 
AADUUAD CDGADGAGGCCGAAAGGCCGAA ADDAGCA 
GDGAADD CUGAXX3AGGCCGAAAGGCCGAA ADGADDA 
CCCAGUG CDGADGAGGCCGAAAGGCCGAA AUDDADG 
ACCCAGU CDGADGAGGCCGAAAGGCCGAA AADDDAD 
ACCOADD CDGADGAGGCCGAAAGGCCGAA ACCCAGD 
DACCUAD CDGADGAGGCCGAAAGGCCGAA AACCCAG 
ACADACC CDGADGAGGCCGAAAGGCCGAA ADDAACC 
DADAACA CDGADGAGGCCGAAAGGCCGAA ACCUADU 
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217 CGCADAU CUGAjDGAGGCCGAAAGGCCGAA ACAUACC 

218 UCGCaUA CTGADGAGGCCGAAAGGCCGAA AACAOAC 
220 CADCGCA ClKSAIX3AGGCa3AAAGGCCGAA AUAACAU 
229 UAACCOA CDGATOAGGCCGAAAGGCCGAA ACADCGC 
231 CCOAACC OKSAIKSAGGCCGAAAGGCCGAA AGACADC 

235 UCDTCCU CUGmsAGGCCGAAAGGCCGAA ACCUAGA 

236 CD CDDCC CUGADGAGGCCGAAAGGCCGAA AACCUAG 
254 gOMJOOCJ CUGADSAGGCXX3AAAGGCCGAA ADGGOGU 
260 C UCUCiAG CX^GAOGAGGCCGAAAGGCCGAA AUUUUU A 

CMJCDCU COGADGAGGCCGAAAGGCCGAA AGUADUD 

277 raCADGA CUGADGAGGCCGAAAGGCCGAA AUCXXX3C 

279 UDOACMJ CUGRD5AGGCCGAAAGGCCGAA AdMJCCC 

284 UUGCUUO CUGADGAGGCCGAAAGGCCGAA ACADGACJ 

299 OOACADC COGAUGAGGCCGAAAGGCCGAA ACDCCAU 

305 iAkjUiji M COGATOAGGCOSAAAGGCCGAA ACADCOA 

315 UjuuciAC OJGADGAGGCCGAAAGGCCGAA ADGUGDtJ 

318 ADGrOCaU CUGADGAGGCCGAAAGGCCGAA ACGADGO 

DDCCADU CDGADGAGGCCGAAAGGCCGAA ADGUCDU 

327 ProCC&D COGADSAGGCCGAAAGGCCGAA AADGOCD 

346 CACODCA OJGaDGAGGCCGAAAGGCCGAA ADDDCAD 

347 AC ACDDC COGADGftGGCCGAAAGGCCGAA AADUDCA 
355 CAADGDU CUGADGAGGCCGAAAGGCCGAA ACACUUC 

CCAATOD CDGAUGAGGCCGAAAGGCCGAA AACACUU 

361 GCTOGCC COGADGAGGCCGAAAGGCCGAA AtJGDOAA 

370 AGUDOTD CCKSADGAGGCCGAAAGGCCGAA AGCDDGC 

371 CAGODGU CUGADGAGGCCGAAAGGCCGAA AAGCUUG 
3^3 UGADUUG CUGADGAGGCCGAAAGGCCGAA ADUUCAG 
384 DDGOTOU CUGADGAGGCCGAAAGGCCGAA AAUDDCA 
3S9 CAADGDU CDGAUGAGGCCGAAAGGCCGAA ADUUQAA 
395 COAUCUC CUGADGAGGCCGAAAGGCCGAA ADGUOGA 
401 raCAUUC CDGAUGAGGCCGAAAGGCCGAA AUCUCAA 
406 DUUUCUA CUGAUGAGGCCGAAAGGCCGAA ADDCUAD 
408 GAOTDUC CUGAUGAGGCCGAAAGGCCGAA AGADDCU 
415 uuuwJAG CUGADGAGGCCGAAAGGCCGAA ADUUUOJ 
418 UUuuuuu CUGAUGAGGCCGAAAGGCCGAA AGGAUUU 
431 UUCCUUU CUGAUGAGGCCGAAAGGCCGAA AGCAUUU 
449 C UGGAGC CUGAUGAGGCCGAAAGGCCGAA ACCDCUC 
^53 UADUCUG CUGADGAGGCCGAAAGGCCGAA AGCOACC 
460 AUGCCUG CUGAUGAGGCCGAAAGGCCGAA ADUCUGG 
472 ADCAGGA CUGADGAGGCCGAAAGGCCGAA AGUCADG 
474 CAAUCAG CDGAUGAGGCCGAAAGGCCGAA AGAGUCA 
480 ADCCCAC CUGADGAGGCCGAAAGGCCGAA ADCAGGA 
491 AUAAOAU CUGADGAGGCCGAAAGGCCGAA AtTCADCC 
494 UACADAA CUGADGAGGCCGAAAGGCCGAA ADUAUCA 

496 UADACAU CUGADGAGGCCGAAAGGCCGAA AUADUAU 

497 CUAUACA CUGADGAGGCCGAAAGGCCGAA AAI2ADUA 
GCUGCUA CUGADGAGGCCGAAAGGCCGAA ACAUAAU* 

503 AUGCUGC CDGAUGAGGCCGAAAGGCCGAA AUACAUA 

511 UAUUAOJ CUGAUGAGGCCGAAAGGCCGAA AUGCUGC 
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512 UUAUUAC CUGAUGAGGCXXSAAAGGCCGAA AADGCUG 

515 UAGOOAU CUGADGAGGCCGAAAGGCCC3AA ACUAAUG 

518 ADCFOAGU aJGADGAGGCCCSAAAGGCCGAA ADOACUA 

522 GCUAADU CDGAUGAGGCCGAAAGGCCGAA AGUOADU 

526 DGOJGCU CDGAUGAGGCCGAAAGGCCGAA ADDUAGU 

527 CUGCOGC CUGADSAGGCCGAAAGGCCGAA AADUUAG 
544 AAGACCA COGADGAGGCCGAAAGGCCGAA AUCDGDC 

.549 GCOGDAA - CDGAUGAGGCCGAAAGGCCGAA ACCAGAU 

551 CGGCDGO CDGAUGAGGCCGAAAGGCCGAA AGACCAG 

552 ACGGCDG CDGAUGAGGCCGAAAGGCCGAA AAGACCA 

563 CDCUCCD CDGAUGAGGCCGAAAGGCCGAA AUCACGG 

564 GCDCOCC CDGAUGAGGCCGAAAGGCCGAA AADCACG 
573 ACAUOAU CDGAUGAGGCCGAAAGGCCGAA AGCDCDC 
576 AGGACAD CDGAUGAGGCCGAAAGGCCGAA AUDAGCD 
581 DDDUDAG CDGAUGAGGCCGAAAGGCCGAA ACAUUA0 
584 CAuuuuu CDGAUGAGGCCGAAAGGCCGAA AGGACAU 

603 CCDDDGD CDGAUGAGGCCGAAAGGCCGAA ACGDDCC 

604 GCCDDUG CDGAUGAGGCCGAAAGGCCGAA AACGUUU 

613 GQGOAGO CDGAUGAGGCCGAAAGGCCGAA AGCCDDU 

614 UGGGDAG CDGAUGAGGCCGAAAGGCCGAA AAGCCDU 
617 uuUuLi GG CDGAUGAGGCCGAAAGGCCGAA AGDAAGC 
629 UGDDGGC CDGAUGAGGCCGAAAGGCCGAA AUGUCCD 

640 DUCaOAG CDGAUGAGGCCGAAAGGCCGAA AGCDGUU 

641 CDOCADA CDGAUGAGGCCGAAAGGCCGAA AAGCDGD 
CACDDCA CDGAUGAGGCXXSAAAGGCCGAA AGAAGCU 

652 DUDUUCA CDGAUGAGGCCGAAAGGCCGAA ACACODC 

653 GDDDDDC CDGAUGAGGCCGAAAGGCCGAA AACACUD 
AAGDGGG CDGAUGAGGCCGAAAGGCCGAA AUGDDDU 

670 A DCUAD A CDGAUGAGGCCGAAAGGCCGAA AGUGGGG 

671 CAUCDAU CDGAUGAGGCCGAAAGGCCGAA AAGDGGG 

672 ACAUCDA CDGAUGAGGCCGAAAGGCCGAA AAAGDGG 
674 AAACAUC CDGAIX3AGGCCGAAAGGCCGAA AUAAAGU 
^SO GAACAAA CDGAUGAGGCCGAAAGGCCGAA ACADCOA 

DGAACAA COGADGAGGCCGAAAGGCCGAA AACADCD 

^82 AUGAACA CDGA UGAGGCCGAAAGGCCGAA AAACAUC 

683 AAUGAAC CDGAUGAGGCCGAAAGGCCGAA AAAACAU 

CAAAADG CDGAUGAGGCCGAAAGGCCGAA ACAAAAA 

687 CCAAAAU CDGAUGAiSGCCGAAAGGCCGAA AACAAAA 

690 ADACCAA CDGAUGAGGCCGAAAGGCCGAA AUGAACA 

691 DAUACCA CDGAUGAGGCCGAAAGGCCGAA AAUGAAC 
CDAUACC CDGAUGAGGCCGAAAGGCCGAA AAAUGAA 

696 UGDGCUA CUGADGAGGCCGAAAGGCCGAA ACCAAAA 

698 ADDGDGC CDGAUGAGGCCGAAAGGCCGAA ADACCAA 

706 GGDAGAA CDGAUGAGGCCGAAAGGCCGAA ADDGDGC 

708 CDGGDAG CDGAUGAGGCCGAAAGGCCGAA AGADDGD 

709 DCDGGUA COGADGAGGCCGAAAGGCCGAA AAGAUDG 
711 CCDCDGG CDGADGAGGCCGAAAGGCCGAA AGAAGAU 
726 UCAACDC CDGAUGAGGCCGAAAGGCCGAA ACDGCCA 
731 UCCCUUC CDGA-USAGGCCGAAAGGCCGAA ACDCUAC 
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740 CUGCAAA CDGAIXSAGGCCGAAAGGCCGAA ADCCCUU 

741 COJGCAA CUGAUGAGGCCGAAAGGCCGAA AADCCCU 

742 CCCUGCA COGADGAGGCCGAAAGGCCGAA AAAUCCC 

743 AUCCUGC ClKSAUGAGGCCGAAACaSCCGaA AAAADCC 
751 CADAAAC CDGaUGAGGCCGAAAGGCCGAA ADCCXTGC 

754 ADUCAUA COGAt3GAjSGCCX3AAAGGCXX5AA ACAADCC 

755 CADTCAU COSAIX3AGGCCGAAAGGCCGAA AAC31ADC 

756 GCADOCA CUGADGAGGCCGAAAGGCCGAA AAACAAU 
766 UGCACCA CUGADGAGGCXrGAAAGGCCGAA AGGCAUU 
787 CCACCCa CDGAOSAGGCCGAAAGGCCGAA ACADCAC 
798 CCCACCG OXSADGAGGCCGAAAGGCCGAA AACAE^ 
800 TOGCOAA C0GADGAGGCCGAAAGC5CCGAA ACDCCCC 

802 UOOCGCU COGAOGAGGCCGAAAGGCCGAA AGACDCC 

803 ADUGUGC CDGADGAGGCCGAAAGGCXrGAA AAGAC7JC 
811 UUCmACU CDGAIX3AGGCCGAAAGGCCGAA ADDtJUGC 

815 UADDDOU COSAUGAGGCCGAAAGGCCGAA ACOGADU 

816 AnADUOTJ CUGAUGAGGCCGAAAGGCCGAA AACTGAtJ 
AACanAA OJGADGAGGCaSAAAGSZCGAA AUUUUUA 

824 COAACAU CCXSADGAGGCCGAAAGGCCGAA AnADODU 

825 CCOAACA CUGADGAGGCCGAAAGGCCGAA AAnADUa 
829 ADGUCCU CDGADGAGGCCGAAAGGCCGAA ACAnAAtJ 

CADGOCC CUGADGAGGCCGAAAGGCCGAA AACADAA 
840 roCACAC CDGADGAGGCCGAAAGGCCGAA AGCADGU 

CCDCAAC CDGADGAGGCCGAAAGGCCGAA ACDUGDU 
869 AAACCDC CDGADGAGGCCGAAAGGCCGAA ACAACDU 

875 ADDCADA CDGADGAGGCCGAAAGGCCGAA ACCDCAA 

876 DADDCAD CDGADGAGGCCGAAAGGCCGAA AACCDCA 

877 ADADDCA CDGADGAGGCCGAAAGGCCGAA AAACCDC 
883 DDGGGCA CDGADGAGGCCGAAAGGCCGAA ADDCAUA 

ACCACCC CDGAIXSAGGCCGAAAGGCCGAA ADDDDDG 

913 ACGGUAG CDGADGAGGCCGAAAGGCCGAA ADCCDGC 

914 DADGGOA CDGADGAGGCCGAAAGGCCGAA AADCCDG 
916 DAIIADGG CCGAIXSAGGCCGAAAQGCCGAA AGAADCC 
921 DTCAADA CDGADGAGGCCGAAAGGCCGAA ADGGOAG 
^23 DGDTCAA CDGATOAGGCCGAAAGGCCGAA ADADGGD 
925 GDDGDDC CDGADGAGGCCGAAAGGCCGAA ADADADG 

DAADAAD CDGADGAGGCCGAAAGGCCGAA ADGCDDD 
946 AGADAAU CDGADGAGGCCGAAAGGCCGAA ADGADGC 

^^"^ AAGADAA CDGADGAGGCCGAAAGGCCGAA AADGAIKS 

949 CAAAGAU CDGADGAGGCCGAAAGGCCGAA ADAADGA 

950 DCAAAGA CDGADGAGGCCGAAAGGCCGAA AADAADG 
552 ACDCAAA CDGADGAGGCCGAAAGGCCGAA ADAADAA 

954 DGAGDCA CDGADGAGGCCGAAAGGCCGAA AGADAAD 

955 DDGAGDC CDGADGAGGCCGAAAGGCCGAA AAGADAA 
960 GGAAADU CDGADGAGGCCGAAAGGCCGAA AGDCAAA 
964 GDGAGGA CDGADGAGGCCGAAAGGCCGAA ADDGAGD 

AGOGAGG CDGADGAGGCCGAAAGGCCGAA AADDGAG* 
AAGDGAG CDGADGAGGCCGAAAGGCCGAA AAADDGA 
969 GAGAAGD CDGADGAGGCCGAAAGGCCGAA AGGAAAD 
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973 ACUGGAG CUGADGAGGCCGAAAGGCCGAA AGDGAGG 

974 CACUGGA CUGADGAGGCCGAAAGGCXXaAA AAGUGAG 
976 UACACUG CUGADGAGGCCGAAAGGCCGAA AGAAGCG 
983 COAAUAC CUGADGAGGCCGAAAGGCCGAA ACACDGG 
986 UGCCDAA CUGADGAGGCCGAAAGGCCGAA ACOACAC 

988 AUDGCCa CUGADGAGGCCGAAAGGCCGAA ADACUAC 

989 CADDGCC CUGADGAGGCCGAAAGGCCGAA AAUACUA 
1007 UUADGCC CUGADGAGGCCGAAAGGCCGAA AGGCC^G 
1013 CUCCCAU CUGADGAGGCCGAAAGGCCGAA ADGCCUA 
1024 ACCUCUG CUGADGAGGCCGAAAGGCCGAA ACCCUCC 
1032 CDCGGUG CUGADGAGGCCGAAAGGCCGAA ACCUCUG 
1044 AGAUCUU CUGADGAGGCCGAAAGGCCGAA AUUCCUC 
1050 UCAUAUA CUGADGAGGCCGAAAGGCCGAA ADCUUGA 
1052 CADCAUA CUGADGAGGCCGAAAGGCCGAA AGADCUU 
1054 UGCAUCA CUGADGAGGCCGAAAGGCCGAA AOAGADC 
1072 UDCAGCA CUGADGAGGCCGAAAGGCCGAA ADGCCDD 
1085 UUUCUDU CUGADGAGGCCGAAAGGCCGAA AGDDGUU 

1103 UGUAGUD CUGADGAGGCCGAAAGGCCGAA ADCACAC 

1104 CDGOAGU CUGADGAGGCCGAAAGGCCGAA AADCACA 
1108 UACACDG CUGADGAGGCCGAAAGGCCGAA AGDOAAD 
1115 AGUCUAG CUGADGAGGCCGAAAGGCCGAA ACACDGD 
1118 UCAAGUC CUGADGAGGCCGAAAGGCCGAA AGUACAC 
1123 UGCDGUC CUGADGAGGCCGAAAGGCCGAA AGCCUAG 
1139 DAGCCUC CUGADGAGGCCGAAAGGCCGAA AGDDCUU 
1146 UGUUUGA CUGADGAGGCCGAAAGGCCGAA AGCCDCU 
1148 GAUGUUU CUGAUGAGGCCGAAAGGCCGAA ADAGCCD 
1155 XraAAGCD CUGAUGAGGCCGAAAGGCCGAA AUGDDUG 

1160 UDGGAUU CUGAUGAGGCCGAAAGGCCGAA AGCUGAU 

1161 UUUGGAU CUGADGAGGCCGAAAGGCCGAA AAGCDGA . 
1154 UCUUUUG CUGAUGAGGCCGAAAGGCCGAA ADDAAGC 
1173 ACAUCAU CUGADGAGGCCGAAAGGCCGAA AUCUDUU 
1181 AAAGCDC CUGADGAGGCCGAAAGGCCGAA ACAUCAU 

1187 UAACUCA CDGADGAGGCCGAAAGGCCGAA AGCUCUA 

1188 UUAACDC CDGADGAGGCCGAAAGGCCGAA AAGCUCU 

1193 UUUUADU CUGAUGAGGCCGAAAGGCCGAA ACUCAAA 

1194 UUUUUAU CUGADGAGGCCGAAAGGCCGAA AACUCAA 
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Table 39: Large-Scale Synthesis 



Sequence 


Activator 
[Added/Final] 
(min) 


Amidite 
[Added/Final] 
(min) 


Time* 


% Full 
Length 
Product 


A9T 
AgT 


T [0.50/0.33] 
S [0.25/0.17] 


[0.1/0.02] 
[0.1/0.02] 


15 m 
15 m 


85 
89 


(GGU)3GGT 
(GGU)3GGT 


T [0.50/0.33] 
S [0.25/0.17] 


[0.1/0.02] 
[0.1/0.02] 


15 m 
15 m 


78 
81 


CgT 
CgT 


T [0.50/0.33] 
S [0.25/0.17] 


[0.1/0.02] 
[0.1/0.02] 


15 m 
15 m 


90 
97 


UgT 
UgT 


T [0.50/0.33] 
S [0.25/0.17] 


[0.1/0.02] 
[0.1/0.02] 


15 m 
15 m 


80 
85 


A (36-mer) 
A (36-mer) 
A (36-mer) 
A (36-mer) 
A (36-mer) 


T [0.50/0.33] 
S [0.25/0.17] 
S [0.50/0.24] 
S [0.50/0.18] 
S [0.50/0.18] 


[0.1/0.02] 
[0.1/0.02] 
[0.1/0.03] 
[0.1/0.05] 
[0.1/0.05] 


15/1 5m 
15/15 m 
15/15 m 
15/15 m 
10/5 m 


21 
25 
25 
38 
42 



•Where two coupling times are indicated the first refers to RNA coupling 
and the second to 2'-0-methyl coupling. S = 5-S-Ethyltetra2ole T = 
tetrazole activator. A is 5* -ucu ccA UCU GAU GAG GCC GAA AGG CCG 
AAA Auc ecu -3- where lowerecase represents 2'-0-methylnucleotides 
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Table 40: 



Sequence Deprotection 
Reagent 



iBu(GGU)4 NH4OH/EIOH 
MA 
AMA 
MA 
AMA 

iPrP(GGU)4 NH40H/ttOH 
MA 

AMA 
MA 

AMA 

C9U NH40H/EtOH 
MA 
AMA 
MA 
AMA 

A (36-mer) NHaOH/EIOH 
MA 



Base Deprotection 



Time T "C % Full 
Length 
Product 



16 h 


55 


62.5 


10 m 


65 


62.7 


10 m 


65 


74.8 


10m 


55 


75.0 


10m 


55 


77.2 



4h 


65 


44.8 


10 m 


65 


65.9 


10m 


65 


59.8 


10m 


55 


61.3 


10m 


55 


60.1 


4h 


65 


75.2 


10m 


65 


79.1 


10m 


65 


77.1 


10 m 


55 


79.8 


10m 


55 


75.5 


4h 


65 


22.7 


10m 


65 


28.9 
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Table 41: 2'-0-AIkyIsiIyl Deprotection 



Sequence Deprotection Time T °C % Full 
Reagent (mfn) Length 

Product 



AgT 


TBAF 


24 h 


20 


84.5 




1.4 MHF 


0.5 h 


65 


81.0 


(GGU)4 


TBAF 


24 h 


20 


60.9 




1.4 MHF 


0.5 h 


65 


67.8 


Cio 


TBAF 


24 h 


20 


86.2 




1.4 MHF 


0.5 h 


65 


86.1 


Uio 


TBAF 


24 h 


20 


84.8 




1.4 MHF 


0.5 h 


65 


84.5 


B (36-mer) 


TBAF 


24 h 


20 


25.2 




1.4 M HF 


1.5 h 


65 


30.6 


A {36-mer) 


TBAF 


24 h 


20 


29.7 




1.4 MHF 


1.5 h 


65 


30.4 



B is 5*- UCU CCA UCU GAU GAG GCC GAA AGG CCG AAA AUC 
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Table 44. Kinetics of Self-Processing Jn Vitro 



PCT/IB95/00156 



Self-Processing Constructs 


k (min*^)* 


HH 


1.16 ± 0.08 


HDV 


0.56 ± 0.15 


HP(GC) 


0.36 ± 0.06 



HP(GU) 



0.054 ± 0.003 



* k represents the mumolecular rate constant for ribozyme self-cleavage 
determined from a non-linear, least-squares fit (KaleidaGraph. Synergy 
Software, Heeding, PA) to the equation: 

(Fraction Uncleaved Transcript) = — 

let 

The equation describes the extent of ribozyme processing in the presense of 
ongoing transcription (Long & Uhlenbeck, 1994 Proc. ...^ e,,- 9, 
6977) as a function of time (t) and the unimolecular rate constant for cleavagj 
(k). Each value of k represents the average (± range) of values determined 
from two experiments. 
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Table 45 



Entry Modification 



h/2 (m) 
Activity 
(tA) 



U/2 (m) 
Stability 
(ts) 



P = ts/tA 
X 10 



1 

2 


U4 & U7 = U 

U4 & U7 = 2'-O.Me-U 


1 
4 


0.1 
260 


1 


3 
4 
5 


U4 = 2'=CH2-U 
U7 = 2'=CH2-U 
U4 & U7 = 2'=CH2-U 


6.5 
8 

9.5 


120 
280 


180 
350 
130 


6 
7 
8 


U4 = 2'=CF2-U 
U7 = 2'=CF2-U 
U4 & U7 = 2*=CF2-U 


5 
4 

20 


320 
220 
320 


640 
550 
1 60 


9 

10 
11 


U4 = 2'-F-U 
U7 = 2*-F-U 
U4 & U7 = 2'-F-U 


4 
o 
4 


320 
400 
300 


800 
500 
750 


12 
13 
14 


U4 = 2'-C-Aflyf.U 
U7 = 2'.C-Ally(.U 
U4 & U7 = 2'-C-Aiiyl-U 


3 
3 
3 


>500 

220 

120 


>1700 

730 

400 


15 
16 
17 


U4 = 2'-araF-U 
U7 = 2'-araF-U 
U4 & U7 = 2;-araF-U 


5 
4 
15 


>500 

350 

500 


>1000 

875 

330 


18 
19 
20 


U4 = 2'-NH2-U 
U7 = 2'-NH2-U 
U4 & U7 = 2'-NH2-U 


10 

5 

2 


500 
500 
300 


500 

1000 

1500 


21 
22 


U4 = dU 

U4 & U7 = dU 


6 
4 


100 

' 240 


170 
600 
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CLAfMS 

What is claimed is: 

1. An enzymatic nucleic acid molecule which cleaves ICAM-1 mRNA. IL- 

5 mRNA, relA mRNA. TNF-a mRNA sites shown in Table 23. 25, 
5 27, or 28, CML associated mRNA selected from those identified as 

SEQ. ID NOS 1-25. or RSV mRNA or RSV genomic RNA in a 
region selected from the group consisting of 1C, IB and N. 

2. The enzymatic nucleic acid molecule of claim 1, the binding amis of 

which contain sequences complementary to any one of the 
10 sequences defined in any of those in Tables 2, 3, 6-9, 11, 13 15. 

23,27,28,31,33,34,36, and 37. 

3. The enzymatic nucleic acid molecule of claim 1 or 2, wherein said 

nucleic acid molecule is in a hammerhead motif. 

4. The enzymatic nucleic acid molecule of claim 1 or 2. wherein said 
1 5 RNA molecule is in a hairpin, hepatitis delta virus, group 1 intron. 

Neurospora VS RNA or RNaseP RNA motif. 

5. The enzymatic nucleic acid molecule of claim 1 or 2. comprising 

between 12 and 100 bases complementary to said mRNA or 
genomic RNA. 



20 



25 



30 



6. The enzymatic nucleic acid molecule of claim 5 comprising between 

14 and 24 bases complementary to said mRNA or genomic RNA. 

7. The enzymatic nucleic acid molecule of claim 1 or 2. comprising 

between 5 and 23 bases complementary to said mRNA or genomic 
RNA. 

8. The enzymatic nucleic acid molecule of claim 7 comprising between 

10 and 18 bases complementary to said mRNA or genomic RNA. 

9. An enzymatic nucleic acid molecule consisting essentially of a 

sequence selected from the group of those shown in Tables 4-8 
10, 12, 14-16, 19-22, 24. 26-28, 30. 32, 34 and 36-38. 

10. A mammalian ceil including an enzymatic nucleic acid molecule of 
claims 1 or 2. 
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1 1 . The ceil of claim 1 0, wherein said cell is a human cell. 

12. An expression vector including nucleic acid encoding an enzymatic 
nucleic acid molecule or multiple enzymatic molecules of claims 1 
or 2 in a manner which allows expression of that enzymatic RNA 



13. A mammalian cell including an expression vector of claim 12. 

14. The cell of claim 13, wherein said cell is a human cell. 

15. A method for treatment of a pathological condition related to the 
mRNA level of ICAM-I, IL-5, ref A, TNF-a, or RSV by administering 
to a patient an enzymatic nucleic acid molecule of claim 1 or 2. 

16. A method for treatment of a pathological condition related to the 
mRNA level of ICAM-1, IL-5, relA, TNF-a, or RSV by administering 
to a patient an expression vector of claim 12. 

17. The method of claims 15 or 16. wherein said patient is a human. 

18. The method of claim 17 wherein said condition is selected from the 
group consisting of atherosclerosis, myocardial infraction, stroke, 
restenosis, heart diseases, cancer, rheumatoid arthritis, asthma, 
reperfusion injury, inflammatory or autoimmune disorders, 
transplant rejection, myocardial ischemia, stroke, psoriasis, 
Kawasaki disease. HIV and AIDS, and septic shock. 

19. A nucleoside selected from the group consisting of 5'-C- 
alkylnucleoside, 2'-deoxy-2'-alkylnucIeos{de, nucleoside 5'-deoxy- 
5'-dihalo-methylphosphonate, nucleoside S'-deoxy-S'-difluoro- 
methylphosphonate. nucleoside 3'-deoxy.3'-dfhalo- 
methylphosphonate, and 5\3'-dideoxy.5\3'-bis(dihalo)- 
methylphosphonate. 

20. A nucleotide selected from the group consisting of 5'-C- 
alkylnucieotide. 2'-deoxy-2'.alkylnucleotide. S^deoxy-S'-dihalo- 
methylnucleotide, 5'-deoxy-5'-difluoro-methylnucleotide. 3'-deoxy- 
3'-dihalo-methyinucIeotide, and 5'.3'-dideoxy-5\3'-bis(dihalo)- 
methylphosphonate. 



5 



molecule{s) within a mammalian cell. 
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21 . A nucleotide triphosphate comprising a nucleotide selected from the 
group consisting of 5*-C-alkylnucleotide, 2*-deoxy-2'- 
aikylnucleotide, 5 -deoxy-5*-dihalo-methylnucleotide, 5*-deoxy-5*- 
difluoro-methylnucleotide, 3'-deoxy-3'-dihalo-methylnucleotide, 
and 5',3'-dideoxy-5\3'-bis(dihalo)-methylphosphonate. 

22. The 5-C-alkylnucleoside of claim 19. wherein the sugar portion is in 
a taio configuration. 

23. The 5'-C-aIkylnucIeoside of claim 19. wherein the sugar portion is in 
an alio configuration. 

24. An oligonucleotide comprising a nucleotide selected from the group 
consisting of S'-C-alkylnucleotide. 2'-deoxy.2'-alkylnucleotide, 5*- 
deoxy-5'-dihalo-methylnucleotide, 5'-deoxy-5'-difluoro- 
methylnucleotide. 3'-deoxy-3*-dihalo-methylnucleotide. and 5\3'- 
dideoxy-5'.3'-bis(dihalo)-methylphosphonate. 

25. An oligonucleotide comprising a moiety having the formula: 

wherein B is a nucleotide base or hydrogen; R1, R2 and R3 
independently is selected from the group consisting of hydrogen, 
an alkyi group containing between 2 and 10 carbon atoms 
inclusive, an amine, an amino acid, and a peptide containing 
between 2 and 5 amino acids inclusive; and the zigzag lines are 
independently hydrogen or a bond. 

26. An oligonucleotide comprising a 3'-amido or peptido group. 

27. An oligonucleotide comprising a 5'-amido or peptido group. 

28. The oligonucleotide of claim 24. 25. 26. or 27 having enzymatic 
activity. 

29. Method for producing an enzymatic nucleic acid molecule having 
activity to cleave an RNA or single-stranded DNA molecule, 
comprising the step of forming said enzymatic molecule with at 
least one nucleotide having an afkyi group at its 5*-position or 2'- 
position. 
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10 



15 



20 



25 



30. Method for conversion of a protected alio sugar to a protected talo 
sugar, comprising the step of contacting said protected alio sugar 
with triphenyl phosphine, diethylazodicarboxylate. p-nitrobenzoic 
acid under inversion causing conditions to provide said protected 
talo sugar. 

31. Method for the synthesis of a nucleoside 5* or a 3'-dihalo- 
methyiphosphonate comprising the step of condensing a 
difiuoromethylphosphonate-containing sugar with a pyrimfdine or 
purine under conditions suitable for forming a nucleoside 5*- or 3'- 
difluoromethylphosphonate. 

32. The oligonucleotide of claim 3, wherein the normal hammerhead U4 
and/or U7 positions are substituted with 2'-NH-amino acid. 

33. A method for the synthesis of RNA comprising the step of providing 
5-S-alkyltetrazole at a delivered 0.1-1.0 M concentration for the 
activation of a RNA amidite during a coupling step for less than or 
equal to 10 minutes. 

34. A method for the synthesis of RNA comprising the step of providing 
5-S-alkyltetra20le at 0.15-0.35 M effective, or final, concentration for 
the activation of a RNA amidite during a coupling step for less than 
or equal to 10 minutes. 

35. A method for the deprotection of RNA comprising the step of 
providing alkylamine (MA) or NH40H/alkyiamine (AMA) at between 
60**C - 70°C for 5 to 15 minutes to remove any exocyclic amino 
protecting groups from protected RNA; wherein said alkyi is 
selected from the group consisting of methyl, ethyl, propyl and 
butyl. 

36. A method for the deprotection of RNA alkylsily! protecting groups 
comprising, contacting said groups with anhydrous 
triethylamine-hydrogen fluoride (aHF-TEA) trimethylamine or 
disopropylethylamine at between 60 °C-70 ''C for 0.25-24 h. 

37. A method for the purification of an RNA molecule by passing said 
enzymatic RNA molecule over an HPLC column, wherein said 
HPCC column is an anion exchange chromatography column. 
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38. Method for one pot deprotection of RNA comprising, contacting a 
protected base with anhydrous methyl amine at between 60 °C-70 

for at least 5 min, cooling the resulting mixture and contacting 
said mixture with TEA-3HF reagents under conditions which 
remove a protecting group of the 2*-hydroxyl position. 

39. Method for synthesizing RNA containing a phosphorothioate linkage 
comprising the step of contacting 6-10 equivalents of 3H-1.2- 
benzodithiole-3-one 1,1 -dioxide (Beaucage reagent) with the 
growing RNA chain for 5 seconds with a reaction time of at least 
300 seconds. 

40. Method of synthesizing RNA containing a phosphorothioate linkage 
comprising the step of achieving coupling with 5-S-ethyltetrazole or 
5-S-methyitetrazoie prior to sulfurization. 

41. Method of claims 38. 39 or 40 wherein said RNA is enzymatlcally 
active. 

42. Method for synthesizing 2*-deoxy-2'-amino-nucieoside 
phosphoramidite. comprising the step of protecting the 2'-amino 
group with a N-phtaloyI group. 

43. The method of claim 42 wherein the said nucleoside lacks a base, 

44. Method for synthesis of RNA comprising the step of: protecting the 
2'-position of a nucleotide during said synthesis with a 
{trimethylsilyl)ethoxymethyl (SEM) group. 

45. Method for covalently linking a SEM group to the 2'.position of a 
nucleotide, comprising the step of: contacting a nucleoside with an 
SEM-containing molecule under SEM bonding conditions. 

46. The method of claim 45. wherein said conditions comprise dibutyltin 
oxide and tetrabutyiammonium fluoride and SEM-CI. 

47. Method for removal of an SEM group from a nucleoside molecule or 
an oligonucleotide, comprising the step of: contacting said 
molecule or oligonucleotide with boron trifluoride etherate 
(BFs-OEts) under SEM removing conditions. 
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48. The method of claim 57 wherein said (BF3»OEt2) is provided in 
acetonitriie. 

49. One or more vectors comprising 

a first nucleic acid sequence encoding a first ribozyme having 
intramolecular or intermolecular cleaving activity, said first 
ribozyme being selected from the group consisting of a 
hammerhead, hairpin, hepatitis delta virus, Neurospora VS RNA, 
Group I, and RNaseP motif; 

and a second nucleic acid sequence encoding a second ribozyme 
having intermolecular cleaving activity, said Second ribozyme 
being selected from the group consisting of a hammerhead, 
hairpin, hepatitis delta virus, Neurospora VS RNA. Group I, and 
RNaseP motif and said second nucleic acid being flanked by other 
nucleic acid sequences encoding RNA which is cleaved by said 
first ribozyme to release said second ribozyme from RNA encoded 
by said vector; 

wherein said first and second nucleic acid sequences may be on the 
same or separate nucleic acid molecules, and said vector encodes 
mRNA or comprises RNA which lacks secondary structure which 
reduces release of said second ribozyme by more than 20%. 

50. Cell comprising the vector of claim 49. 

51. A transcribed non-naturally occuning RNA molecule, -comprising a 
desired therapeutic RNA portion, wherein said molecule comprises 
an intramolecular stem formed by base-pairing interactions 
between a 3' region and 5' complementary nucleotides in said 
RNA, wherein said stem comprises at least 8 base pairs. 

52. The RNA molecule of claim 51, wherein said molecule is transcribed 
by a RNA polymerase III based promoter system. 

53. The RNA molecule of claim 51, wherein said molecule is transcribed 
by a type 2 pol III promoter system. 

54. The RNA molecule of claim 51, wherein said molecule is a chimeric 
tRNA. 
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55. The RNA molecule of claim 53. said RNA having A and B boxes of a 
type 2 pol III promoter separated by between 0 and 300 bases. 

56. The RNA molecule of claim 53. wherein said desired RNA molecule 
Is at the 3' end of said B box. 

57. The RNA molecule of claim 53, wherein said desired RNA molecule 
is in between the said A and the B box. 

58. The RNA molecule of claim 53. wherein said desired RNA molecule 
includes said B box. 

59. The RNA molecule of claim 51. wherein said desired RNA molecule 
is selected from the group consisting of antisense RNA, decoy RNA, 
therapeutic editing RNA, enzymatic RNA. agonist RNA and 
antagonist RNA. 

60. The RNA molecule of claim 51. wherein said 5' terminus is able to 
base-pair with at least 12 bases of said 3* region. 

61. The RNA molecule of claim 51, wherein said 5' terminus is able to 
base-pair with at least 15 bases of said 3* region. 

62. DNA vector encoding the RNA molecule of claim 51 

63. The vector of claim 62. wherein said vector is derived from an AAV 
or adeno virus. 

64. RNA vector encoding the RNA molecule of claim 51 . 

65. The vector of claim 64, wherein said vector Is derived from an alpha 
virus or retro virus. 

66. The vector of claim 62 wherein the portions of the vector encoding 
said RNA function as a RNA pol III promoter. 

67. Cell comprising the vector of claim 62. 

68. Cell comprising the vector of claim 53. 

69. Cell comprising the RNA of claim 51 . 
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70. Method to provide a desired RNA molecule in a cell, comprising 
introducing said molecule into said cell a RNA comprising a 
desired RNA molecule, having a 5' tenminus able to base pair with 
at least 8 bases of a 3' region of said RNA molecule. 

71. The method of claim 70, wherein said introducing comprises 
providing a vector encoding said RNA molecule. 

72. Hammerhead ribozyme having 2 or 3 base pairs in stem II with an 
interconnecting loop of 4 or more bases between said base pairs. 

73. Hairpin ribozyme lacking a substrate moiety, comprising at least six 
bases in helix 2 and able to base-pair with a separate substrate 
RNA, wherein the said ribozyme comprises one or more bases 3' 
of helix 3 able to base-pair with the said substrate RNA to form a 
helix 5 and wherein the said ribozyme can cleave and/or ligate said 
separate RNA(s) in trans. 

74. The ribozyme of claim 73, wherein said ribozyme comprises six 
bases in helix 2. 

75. The ribozyme of claim 73, having the structure of Fig. 3. wherein 
each N and N' is independently any base and each dash may 
represent a hydrogen bond, r is 1-20. q is 2-20. o is 0 - 20, n is 1 - 
4, and m is 1 - 20. 

76. Method for increasing the activity of a hairpin ribozyme by providing 
one or more bases 3' of helix 3 able to base-pair with a substrate 
RNA to form a helix 5. 

77. Trans-cleaving Hairpin ribozyme comprising at least 6 base pairs in 
helix 2 lacking a substrate RNA moiety. 

78. Trans-ligating Hairpin ribozyme comprising at least 6 base pairs in 
helix 2 lacking a substrate RNA moiety. 

79. The ribozyme of claim 73 having the structure of Fig. 73. 

80. The ribozyme of claim 73 having the structure of Fig. 74. 
61. A ceil including the ribozyme of any of claims 73-80. 
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82. An expression vector comprising nucleic acid encoding the 
ribozyme of any of claims 73-80, in a manner which allows 
expression of that ribozyme within a cell. 

83. A cell including an expression vector of claim 82. 

5 84. Method for altering rn vivo the nucleotide base sequence of a 
naturally occurring mutant nucleic acid molecule, comprising the 
steps of: 

contacting said nucleic acid molecule in vivo with an 
oligonucleotide or peptide nucleic acid able to forni a duplex or 
1 0 triplex molecule with said nucleic acid molecule, wherein fomiation 

of said duplex or triplex molecule directly, or after nucleic acid 
repair in vivo, causes at least one base in said nucleic acid 
molecule to be chemically modified to functionally alter the 
nucleotide base sequence of said nucleic acid sequence. 

15 85. The method of claim 84. wherein said oligonucleotide is of a length 
sufficient to activate dsRNA deaminase in vivo to cause conversion 
of an adenine base to inosine in an RNA molecule. 

86. The method of claim 84, wherein said oligonucleotide comprises an 
enzymatic nucleic acid molecule which is active to chemically 

20 modify a base. 

87. The method claim 84. wherein said nucleic acid molecule is DNA or 
RNA. 

88. The method of claim 84, wherein said oligonucleotide comprises a 
chemical mutagen. 

25 89. The method of claim 88, wherein said mutagen is nitrous acid. 

90. The method of claim 84 wherein said oligonucleotide causes 
deamination of 5-methylcytosine to thymidine, cytosine to uracil, or 
adenine to inosine. or methylation of cytosine to 5-methylcytosine. 

91. The method of claim 84. wherein an endogenous mammalian 
30 editing system is co-opted to cause said chemical mcdification. 
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92. Method for introduction of enzymatic nucleic acid into a cell or 
tissue, comprising the steps of; 

providing a complex of a first nucleic acid molecule encoding said 
enzymatic nucleic acid associated with a second nucleic acid 
molecule having sufficient complementarity with said first nucleic 
acid molecule so that it is able to form an R-loop base-paired 
structure under physiological conditions with said first nucleic acid 
molecule; wherein said R-loop is formed in a region of said first 
nucleic acid molecule at a location which promotes expression of 
RNA from said first nucleic acid under said conditions; 

and contacting said complex with said cell or tissue under 
conditions in which said enzymatic nucleic acid molecule is 
produced in said cell or tissue. 

93. Method for introduction of a desired nucleic acid into a cell or tissue. 
1 5 comprising the steps of; 

providing a complex of a first nucleic acid molecule encoding sard 
desired nucleic acid associated with a second nucleic acid 
molecule having sufficient complementarity with said first nucleic 
acid molecule so that it is able to fonm an R-loop base-paired 
20 structure under physiological conditions with said first nucleic acid 

molecule; wherein said first nucleic acid molecule lacks a promoter 
region and said R-loop is formed in a region of said first nucleic 
acid molecule at a location which promotes expression of RNA from 
said first nucleic acid under said conditions; 

25 and contacting said complex with said cell or tissue under 

conditions in which said desired acid molecule is produced in said 
cell or tissue. 

94 Method for introduction of a desired nucleic acid into a ceil or tissue, 
comprising the steps of; 

30 providing a complex of a first nucleic acid molecule encoding said 

enzymatic nucleic acid associated with a second nucleic acid 
molecule having sufficient complementarity with said first nucleic 
acid molecule so that it is able to form an R-loop base-paired 



5 
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Structure under physiological conditions with said first nucleic acid 
molecule; wherein said R-loop is fomied in a region of said first 
nucleic acid molecule at a location which promotes expression of 
RNA from said first nucleic acid under said conditions; 

and wherein said second nucleic acid further comprises a 
localization factor; 

and contacting said complex with said cell or tissue under 
conditions in which said desired nucleic acid molecule is produced 
in said cell or tissue. 

95. Complex of a first nucleic acid molecule encoding an enzymatic 
nucleic acid associated with a second nucleic acid molecule 
having sufficient complementarity with said first nucleic acid 
molecule so that it is able to forni an R-loop base-paired structure 
under physiological conditions with said first nucleic acid molecule; 
wherein said R-loop is formed in a region of said first nucleic acid 
molecule at a location which promotes expression of RNA from said 
first nucleic acid under said conditions. 

96. Complex of a first nucleic acid molecule encoding a desired nucleic 
acid associated with a second nucleic acid molecule having 
sufficient complementarity with said first nucleic acid molecule so 
that it is able to form an R-ioop base-paired structure under 
physiological conditions with said first nucleic acid molecule; 
wherein said first nucleic acid molecule lacks a promoter region 
and said R-loop is fomied in a region of said first nucleic acid 
molecule at a location which promotes expression of RNA from said 
first nucleic acid under said conditions. 

97. Complex of a first nucleic acid molecule encoding an enzymatic 
nucleic acid associated with a second nucleic acid molecule 
having sufficient complementarity with said first nucleic acid 
molecule so that it is able to form an R-loop base-paired structure 
under physiological conditions with said first nucleic acid molecule; 
wherein said R-loop is formed in a region of said first nucleic acid 
molecule at a location which promotes expression of RNA from said 



SUBSTITUTE SHEET (RULE 26) 



wo 95/23225 PCT/IB9S/00156 

302 



first nucleic acid under said conditions, and wherein said second 
nucleic acid further comprises a localization factor. 



SUBSTITUTE SHEET (RULE 26) 



wo 95/23225 



PCT/IB9S/00156 



1/103 



CO u> 

i I 



B 

CO 

(D 
D) 
CO 
> 

CO 
_® 

O 



E 
a5 



z • z 
z • z 



CO 



E 

s 



X 
3 



E 



O 
O 



lO 



CO 



CD 

E 

C3> O 
CO ~ 

SUBSTITUTE SHEET (RULE 26) 



wo 95A23225 



PCT/IB95/00156 





SUBSTITUTE SHEET (RULE 26) 



wo 95/23225 



PCT/IB95/00156 



3/103 



< 




a iSL 1 




"5 i S-S 



2 i n 



CO 

X 



12 < < 



Ml= — i 



Pi 

X 

"33 
X 



CO 



SUBSrnUTESHEEHRULE 



wo 95/23225 



PCT/IB95/00156 



4/103 



10 



T 



G 

U 
A 

C- 
G- 
G- 
C- 
C- 
G- 

G 

U 



-G 
-C 
-C 
-G 
-G 
-C 

U 

G 

G 

G 
40 



F/G. 4. 



C A A 



50 



r 



3* 



30 C- 
G- 
G- 

U 

C 



G- 
U- 
C- 
C- 
C- 
A- 

■G 
•C 

•C 



■C 
•A 

-G 
-G 

•G 80 
■U 
« 



C- 
A- 

U- 
U- 



c u 

I — 

-G 
— U 

-A 

-A 70 
U 



U 20 

C 
C 



G G 

C G 

G C 

A U 

G C 

G C 



G- 

G- 
A 



■C 
-C 
U 



A 
A 
G 

C 
G 
J 



60 



SUBSTITUTE SHEET (RULE 26) 



wo 95/23225 



PCT/IB95/00156 



5/103 

C3-0 

< — 3 . in 
=>-< 

< o -3 

=>-< s*< 



f N « CD 

«0 -5 rf< ^ o 



CO 
CD 



>— < o 3 < ^ O— O 

3— < o i < — CD 

§•<— 3 O — O 

O-O < Y 

S-< « O-O 

O-O i*S2~y 

<=> S=i 

3 • O 

O-O 
1 < O 

-CD O O O O O^ ^ *^ 6 O O O O 

Mill I I • • < 

^ ^ O O O O O^ O O =) 3 < 



CD 

O CO 
CM CO 
(D CO 

o> 

D) 

0)0) In 

CO 
0> 



t 



SUBSTITUTE SHEET (RULE 26) 



wo 95/23225 



PCT/IB95/00156 




SUBSTITUTE SHEET (RULE 26) 



wo 95/23225 



PCT/1B95/00156 



7/103 



a 9 1 




Q 



\ / 

2=2 



O 

CM 

X 

o 

CM 

X 
O 

o 



^ CM 



E 



O 

CM 

o 

< 



CO 



O 

Csl 

5 




SUBSTITUTE SHEET (RULE 26) 



wo 95A23225 



PCr/IB95/00156 



8/103 




SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (BULE 26) 



wo 95/23225 



PCT/IB95/00I56 



10/103 



■< — r 



1 ? 1 1 1 r- 



0. 
X 

X 



N IM 

€C CC 



X u: e 

< 2 



o □ # ■ ^ 




o 

CO 



o 



•rH 

J 

<D 

S 



o 

GO 



O 



O 

C\i 



Percent Uncleaved 



SUBSTITUTE SHEET (RULE 26) 



wo 95/23225 



PCT/IB95/0ai56 



11/103 



COS ^Jt 
C/>0 c>i 



Z- 



O 
II 

o 



V>-o-t}-— o 



2- 



c •> 

IS 

^ c 
0) o 



O 

UJ 

o 



o 

ui 

o 



X 
2 



o 
II 

^0-0.-0 
O 



CO 

go 



a u> 



SUBSTITUTE SHEET (RULE 26) 



wo 95/23225 



PCT/1B95/00156 



12/103 




SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 



wo 95/23225 



PCT/IB95/00156 




SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 



wo 95/23225 



PCT/1B95/00156 



16/103 



50 




0 20 40 60 80 



Time (min) 

no. 16. 



SUBSinUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 



wo 95/23225 



PCT/IB95/00156 



20/103 

Q < 




SUBSTITUTE SHEET (RULE 




SUBST\TUTE SHEET (RULE 26) 



wo 95/23225 



PCT/1B95/00156 



22/103 



^8 



s 



3 

CVJ 



6.116 



\ 
\ 



- ' "25.368 



23.10522 
22.264^894 

21.137 
20.463 



18.777 
17840 



ia334 
18.240 
17.210 
16.279 



I4.736r 



5.745 




4.106 
3.374 
2.576 - 



3 



SUBSTITUTE SHEET (RULE 26) 



wo 95/23225 PCT/IB95/00156 



23/103 



5ca 



o ! 



f8 




O 

bo 
cd 

I 

o 

CO 



O U CJ o 

6 6 6 6 



SUBSTITUTE SHEET (RULE 26) 



wo 95/23225 



PCT/IB95/00156 



24/103 



< < 

^ I I i ■ I 

o < \a 

ID tj) 



0} 

a 

O 

•pH 

m 




cj o o o <: 
6 6 6 6 <: 

ID 



B 


5i 


o 

o o 
6 6 





SUBSTITUTE SHEET (RULE 26) 



wo 95/23225 



PCT/IB9S/00156 



25/103 



CO 



0 

jS 6 <: <: D cj o 
3 <: o o 15 



o o < o o 



!D O O 



o 



• * 



o 

CD 



O 



8 



OUO<CCJUDOOC) 

OD«<;o6666666 



o 

CD 



o 

o 
o 



O 

CO 



9 y o o 

6 6 6 6 <: 
<: 6 o 



B 



< 



o y o o 
6 6 6 6 



I 

O 

o 

cd 
■ 

O 

CO 



SUBSTITUTE SHEET (RULE 26) 



wo 95/23225 



26/103 



PCT/IB95/00156 



FIG. 26. 



EcoRI T7 Promoter Trans Ribozyme 3* Cis-acting Ribozyme Hindlll 




SUBSTITUTE SHEET (RULE 26) 



wo 95/23225 



PCT/IB95/00156 



27/103 



FIG. 27 




H N R H N R H N R H N R H N R 
HH(mutant) HH HDV HP(GU) HP(GC) 

Self-Processing Cassettes 



SUBSTITUTE SHEET (RULE 26) 



wo 95/23225 PCT/1B9S/00156 



28/103 




0 20 40 60 80 100 120 



Time (min) 

FIG. 28. 



SUBSTITUTE SHEET (RULE 26) 



wo 95/23225 



PCT/IB95/00156 



297103 



w U 
3 IE 



c 



t ft 



0) 
to 



t 



o 
o 

Q. 

X 



X 



^ X 



J5 
"5 



:> 



5 
o 



I 



4- 



4- 



X 
X 



SUBSTITUTE SHEET (RULE 26) 



wo 95/23225 



PCT/IB95/00156 




SUBSTITUTE SHEET (RULE 26) 



wo 95/23225 



PCT/IB95/00156 



32/103 




ioOOU<0<<tJU < o u < o < o 



0 < u u u*^ 

1 I t I I 
U 0 o o o 



o -3 



§ 

CD 




0) 

P5 



SUBSTITUTE SHEET (RULE 26) 



wo 95/23225 



PCT/IB95/001S6 



33/103 



FIG. 34a. 
A3-5/HHI 

HG. 34b. 
S3 

HG. 34 c. 
S5 

FIG. 34d. 
S35 

FIG. 34e. 

S35P1US 




SUBSTITUTE SHEET (RULE 26) 



wo 95/23225 



PCT/IB95/00156 



34/103 




FIG. 35. 

SUBSTITUTE SHEET (RULE 26} 



35/103 



PCT/IB95/001S6 




S35 (+ Ribojryme) 
S35 {- Ribozyme) 




Primary ^ Cellular 
) Met J 



Mature 



tRNA 



FJG. 36. 



SUBSTITUTE SHEET (RULE 26) 



wo 95^3225 PCT/1B95/00156 

36/103 



S5 Ribozyme Transduced MT2 
Diluted into rna 
MT2 RNA 



❖ Ci' ^' O «b ^ <^ <^ <^ c$> 





FIG. 37. 



SUBSTltUTE SHEET (RULE 26) 



wo 95/23225 



PCT/IB9S/00156 



37/105 




SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 



wo 95/23225 PCT/IB9S/00156 



39/103 




HG. 40. 



SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 



wo 95/23225 



PCT/IB95/00156 



42/103 




SUBSTITUTE SHEET (RULE 26) 



wo 95/23225 PCT/IB95/00156 

43/103 

j/j S35 Sequence 

GGCAG A AC AG C AG AGUGGCG C AGCGGA AGC GUGCUGGGCC CAU AACCCAG 5 0 
AGGUCGAUGG AUCGAAACCC CGG AUCGUAC CGCGGUGGAU CCACUCUGCU 100 
GUUCUGUUU 109 
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HHIS35 



GGCAGAACAG CAGAGUGGCG CAGCGGA AGC GUGCUGGGCC CAUAACCCAG 50 
AGGUCGAUGG AUCGAAACCC CGGAUCGUAC CGCGGCACAA CACUGAUGAG 100 
( -lArrGAAAGG nrrOAAACGG QCAGGAUCCA CUCUGCUGUU CUGUUU 146 

Underlined bases indicate the HHI ribozyme sequence 
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GGCAGAACAG CAGAGUGGCG CAGCGGAAGC GUGCUGGGCC CAUAACCCAG 50 
AGGUCGAUGG AUCGAAACCC CGGAUCGUAC CGCGGGG AUC CUAACG AUCC 1 00 
GGGGUGUCGA UCCAUCACUC UGCUGUUCUG UU U 133 
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AGGUCGAUGG AUCGAAACCC CGGAUCGUAC CGCGGCACAA CACUGAUGAG 100 
rjACCGAAAGG TTrrOAAACGG QCAGG AUCCU AACG AUCCGG GGUGUCG AUC 1 50 
C AUC ACUCUG CUGUUCUGUU U 171 



Underlined bases indicate the HHI ribozyme sequence 
SUBSTITUTE SHEET (RULE 26) 



wo 95/23225 



PCT/IB95/00156 



44/103 

RG. 48. 



3' 



=. (N) 



s9 



(N) 



>o 



o 

CD 
< 



(N) 



GO 
CD 

o 



(N)^o 



A BOX = URGCNNAGYGG 
B BOX = GGUUCGANUCC 

N = A, U. G, or C 

R = Purine 

Y =r Pyrimidine 

• = Indicates base-pairing 

— = Indicates covalent linkage 

^ = Indicates sites at which desired 
RNAs can be cloned 



This is based on Geiduschek & Tocchini-Valentini, 
(1988) Annu. Review Biochem. 57, 873-914, However 
this consensus sequence is not meant to be limiting 
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